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iTT  TROD  UCTION 


1.1  TELE  PLOT  Mel!"'  od 


TELEPLOT  is  a  method  of  transmitlng  pr e -plotted  meteorological,  oceano¬ 


graphic,  cr  scientific  ia.a  by  radiotetetyce.  The  method  can  te  applied  now,  and 
the  possibilities  of  further  sophistication  into  the  transmission  o?  complex  com¬ 
puter  products  to  all  levels  of  the  Navy  indicate  its  value  as  an  operaticnal  tool. 
Any  facility,  ship,  cr  unit  with  a  radioteletype  can  receive  computer  products., 
environmental  data  (plotted  and/or  analyzed),  or  any  data  which  can  be  positioned, 
isoplethed,  or  graphed  by  TELEPLOT.  Like  any  teletype  message,  it  can  be  en¬ 
crypted  for  security. 

1.2  Background 


The  principle  of  transmitting  pictorial  or  prearranged  data  by  teletype  is  not 
entirely  new  or  untried  The  Weather  Bureau  had  some  success  with  this  method 
in  the  early  1900‘s,  when  air  routes  and  weather  observing  stations  were  few  and 
far  between.  As  the  number  of  stations  increased,  the  communications  networks 
rapidly  became  saturated.  3iank  spaces  on  a  weather  message  became  a  sinful 
waste,  because  each  blank  space  lock  as  much  time  as  a  letter  or  digit  and  trans¬ 
mitted  no  information.  (Ih  this  sense,  the  teletypewriter  has  not  improved  since 
its  invention.  It  still  has  a  single  space  advance  rather  than  a  multi -space  tab¬ 
ulator.  )  The  available  circuits  did  not  expand  as  racidly  as  the  data  volume,  and, 
as  the  prearranged  pictorial  data  were  also  laboriously  done  by  hand,  they  disap¬ 
peared  from  the  networks. 

Many  observation  reports  were  sen:  fcy  Western  Union,  which  charged  for  the 


service  by  the  number  of  words.  By  agreement,  5  digits  were  designated  as  one 
word.  In  the  interest  o?  economy,  a  complex  coding  system  was  developed  so  that 
a  single  digit  could  replace  several  sentences.  Each  digit  in  each  5 -digit  group 
represented  a  different  environmental  phenomena.  The  same  5-digit  system  is 
used  today. 

The  Weather  Bureau,  Army,  Air  Force,  and  Navy  have  made  several  attempts 

r 

to  develop  a  usable  method  of  transmitting  pictorial  or  graphic  information  by 
teletype.  The  author  experimented  with  a  manual  system  for  sending  local  weather 
data  in  map  form  by  radioteletype  between  the  weather  office  of  NAS,  Jacksonville, 

« 

Florida  and  an  aircraft  carrier  in  the  Jacksonville  Fleet  Operating  area  in  1962. 
The  method  showed  considerable  promise  but  disappeared  when  the  trained  air 
'  station  communications  personnel  were  transferred;  shortly  thereafter,  the  author 
v  was  also  transferred. 

1.  3  Recent  Developments 

The  communications  system  has  changed  from  a  single  network  concept  to  a 
centralized  collection  and  a  decentralized  distribution  system.  Whatever  is  done 
,  at  the  distribution  points  is  independent  of  the  centralized  collection  system.  The 
requirement  for  maintaining  the  5 -digit  grouping  of  environmental  data  does  not 
apply  to  distribution  points,  particularly  Navy  radio -teletype  distribution  points. 

Computers  have  changed  the  environmental  data  concepts  considerably.  Der¬ 
ivations  that  were  impossible  on  a  real-time  basis  years  ago  are  now  available  in 
profusion.  Data  voids  can  be  filled  with  computer  extrapolations.  However,  trans¬ 
mitting  these  data  to  the  ship  and  facility  user  in  a  comprehensible  form  in  time  to 
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be  operationally  usable  is  now  a  major  problem. 

In  May  1968,  the  U.  S.  Navy  Weather  Research  Facility  developed  experimental 
routines  for  the  Raytheon  440  computer  sc  :ha‘  it  would  rearrange  surface  synoptic 
weather  observations  into  a  preplctted  weather  map  format.  The  computer  pro¬ 
duced  a  teletype  tape  of  this  rearranged  data  :-c  that,  1;  the  data  were  transmitted, 
any  ship  or  facility  would  receive  a  plotted  weather  map  from  their  teletypewriter. 
Since  the  receiving  teletypewriter  was  doing  ail  the  plotting,  the  method  was 
named  TELE  PLOT  for  TEL  Etype writer  PLOTfcing. 

In  July  1966  the  U.  S.  Navy  Fleet  Weather  Facility,  Norfolk,  Va.  began  using 
this  method  to  send  High  Seas  and  Wind  Warning  charts,  subsequently  followed  ’ey 
Sea  Surface  Temperature,  Sonic  Layer  Depth,  and  Surface  Pressure  Pattern  charts 
under  the  name  of  RATTGRAPHICs.  The  TELE  PLOT/ RATTGRAPKIC  charts  ful¬ 
filled  a  basic  requirement  cf  the  ship  officers  to  receive  intelligence  quickly  and 
in  an  immediately  usable  foim  without  ambiguity.  Based  on  letters  and  conference 
reports,  this  method  has  been  almost  universally  acclaimed  as  a  major  improve¬ 
ment  over  the  verbal  message  format.  The  Fleet  Weather  Facility  and  the  Weather 
Research  Facility  are  continuing  to  develop  more  sophisticated  TELEPLOT/RATT- 
GRAPHIC  charts  in  response  to  fleet  as  well  as  research  requirements. 


2.  TEE  PROBLEMS 

A  primary  function  of  the  Naval  Weather  Service  s  tc  provide  the  flee*  with 
operational  meteorological  and  oceanographic  data,  descriptions,  and  forecasts. 
Bringing  the  results  of  new  research  and  development  in  the  environmental  fields 
to  bear  on  Navy  operational  requirements  Is  a  cent  in  -ai.y  e*  raiding  problem.  Even 
after  the  research  and  development  problems  have  been  solved,  they  have  little 
value  to  the  fleet  if  they  cannot  be  applied  in  a  tin  e  frame  that  is  usable  in  a  par¬ 
ticular  operation.  The  historical  approach  lw  been  to  add  these  cata  to  the  fac¬ 
simile  and  radio -teletype  schedules  in  a  standardized  alpha  --.urn erica!  format. 

The  result  has  been  a  decrease  in  efficiency.  The  analyst -forecaster  is  faced 
with  an  ever  -increasing  amount  c?  data  which  is  largely  unr  elated  tc  his  particular 
problems  or  his  area  of  operations.  Not  cn'y  is  this  a  waste  of  valuable  .communica¬ 
tions  time,  but,  once  received,  the  data  must  be  .laborious.  /  sorted  to  separate  the 
applicable  data  from  that  which  is  useless  tc  the  forecast^-*,  application. 

As  the  results  of  research  and  development  in  the  e  vrirc-  mo'tal  field c  Increase 
in  complexity,  the  products  are  aimed  ?  core  ar  d  more  at  the  ships  and  facilities 
with  larger  staffs  of  environmental  personnel,  k! ‘hough-  the  n  ob Terns  of  the  ships 
without  meteorological  personnel  have  not  been  forgotten,  they  ha  /e  not  been  em¬ 
phasized. 

In  a  simplified  anner  the  problems  are: 

A.  Making  computer  products  a/aiia  le  to  the  fleet  in  a.,  operational  time 

frame; 

3.  Eliminating  the  data  which  ices  net  apply  to  the  Navy,  or  a  particular 


area  of  Navy  operations; 

C.  Increasing  the  usability  cf  the  products,  sc  that  the  time  from  observation 
to  briefing  is  reduced; 

D.  Including  products  that  are  directly  usable  by  ships  which  dc  not  have  fac¬ 
simile  equipment,  nor  roetec  role  gi  cal  personnel  aboard. 

All  of  the  above  can  be  done  by  utilizing  the  Navy  Weather  Centrals  and  Facili¬ 


ties  as  data  filters,  producers,  rearrangers  and  distribution  points. 
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3.  THE  PRINCIPLES  OP  THE  TELEPLOT  METHODS 


3.  1  Manual  Method 

The  basic  principles  of  TELEPLOT  are  very  simple.  To  illustrate,  select  a 
section  of  an  analyze!  weather  chart,  graph,  or  any  page  with  one  or  more  slanted 
or  curved  lines.  Race  a  sheet  of  tracing  paper  over  this  data  sheet  and  put  both 
in  a  typewriter.  Using  a  pre-designaced  digit  code  for  the  values  on  the  data  sheet, 
type  the  appropriate  digit  ever  each  line  as  it  appears  in  the  typing  position.  When 
there  are  no  mere  data  lines  to  the  right,  space  to  the  next  line  and  repeat  the  pro¬ 
cess  for  subsequent  lines  until  there  are  no  more  data  lines,  or  until  the  page  is 
completed.  When  the  capers  are  removed  from  the  typewriter,  the  tracing  paper 
will  represent  a  TELEPLOT.  If  the  above  process  had  been  done  on  a  tape  cut¬ 
ting  teletypewriter,  it  would  have  produced  a  TELEPLOT  teletype  tape.  Trans¬ 
mitting  this  tape  would  produce  a  TELEPLOT  at  any  receiving  ship  or  facility 
which  would  be  a  duplicate  of  the  data  on  the  tracing  paper.  Reconstructing  the 
original  data  from  the  TELEPLOT  is  a  simple  matter  of  connecting  the  data  digits 
with  faired  lines.  Note  that  no  plotting  is  required  by  the  receiver. 

3.  2  Digitizer  Method 

This  hand  method,  as  mentioned  above,  can  be  used  by  facilities  or  ships 
which  have  only  an  occasional  need  for  sending  a  TELEPI  OT.  A  weather  central 
or  facility  would  normally  require  a  digitizer  similar  to  the  one  in  use  at  the 
Fleet  Weather  Facility,  Norfolk,  Va.  They  use  the  Benson-Lehner  LARR-V 
.  Digitizer,  which  simplifies  and  acce'erates  the  transfer  of  data  from  an  analyzed 
.  or  forecast  chart  to  teletype  tape.  The  principle  is  straightforward.  The  data 
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chart  is  affixed  to  the  large  chart  table.  An  arm,  which  extends  from  the  top  to 
the  bottom  of  the  chart  board,  is  connected  electronically  to  a  magnetic  tape  re¬ 
corder.  The  arm  mcvea  right  and  left,  with  its  position  continually  sensed  elec¬ 
tronically.  On  the  arm  is  a  carriage  with  a  recording  stylus,  which  moves  in  a 
vertical  plane  across  the  chart  table.  To  prepare  a  TELEPLOT/ RATTGRAPHIC, 
we  place  a  gridded  overlay  cn  top  of  the  analyzed  chart,  and  the  stylus  is  posi¬ 
tioned  ever  the  first  isopleth  (line).  The  recording  button  is  then  depressed  and 
the  position  (horizontally  and  vertically)  as  sensed  by  the  position  of  the  arm  and 
the  carriage,  is  recorded  on  the  magnetic  tape.  The  same  isopleth  is  followed 
along  the  chart,  depressing  the  record  button  once  in  each  grid,  which  corresponds 
to  the  spacing  on  the  teletypewriter.  After  the  data  for  the  first  isopleth  has  been 
recorded,  the  value  of  the  isopleth  is  changed  on  the  digitizer,  and  the  subsequent 
isopleths  are  recorded.  The  digitizer  magnetic  tape  is  then  placed  in  a  computer  and 
from  an  established  program,  a  teletype  tape  is  cut.  The  teletype  tape  is  then 
transmitted,  and  the  receiving  ship  or  facility  receives  a  completely  plotted  chart, 
or  a  TELEPLOT/ RATTGRAPHIC,  from  the  teletypewriter. 

In  its  simplest  form,  only  one  parameter,  such  as  sea  height  or  wind  speed, 
is  TELEPLOTted;  however,  several  parameters  can  be  sent  for  each  grid  point  in 
the  form  of  a  data  block.  Quite  often  this  is  advantageous,  particularly  in  meteorology, 
where  several  values  have  to  be  mentally  integrated  with  the  parameter  that  is  ac¬ 
tually  being  line  analyzed  (isoplethed)  on  the  chart. 

3.  3  TELEPLOT  Versatility 

The  degree  o!  definition  of  the  data  on  a  TELE  PLOT  is  a  function  of  the  scale 
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of  the  chart.  The  physical  limitations  of  data  are  imposed  by  the  width  of  the  tele¬ 
typewriter  paper  (69  spaces),  but  data  could  be  sent  in  more  than  one  section  and 
joined  by  benchmarks  at  the  receiving  ship  or  facility  to  increase  the  width.  A 
well-designed  TELEPLOT  should  be  able  to  replace  at  least  one  of  the  less  com¬ 
prehensible  forms  of  weather  data  presently  in  use;  hopefully,  it  can  replace 
several.  Figures  3.  1,  3.  2,  and  3.  3  demonstrate  th  change  in  data  definition  with 
the  change  in  map  chart  scale  and  the  wide  versatility  of  the  method.  In  the  figures, 
the  land  areas  are  marked  with  slants  (jl)  and  sea  surface  temperatures  are  in 
degrees  fahrenheit  with  the  tens  digit  omitted  except  at  the  ends  of  the  isotherm. 
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4.  PRINCIPLES  OF  DATA  ARRANGEMENT  FOR  TELEPLOT 

There  are  several  principles  to  data  comprehension  and  arrangement  which 
were  applied  in  developing  these  TELEPLOTs.  They  should  prove  helpful  in  de¬ 
veloping  TELEPLOTs  locally  or  in  modifying  those  included  in  this  report. 

A.  Code  forms.  Wherever  possible,  use  World  Meteorological  Organiza¬ 
tion  (WMO)  code  forms  currently  in  use.  This  decreases  the  learning 
time  in  data  rearrangements. 

B.  Data  placement.  The  eye  is  more  sensitive  to  digits  at  the  beginning  or 
ending  of  a  data  group.  Therefore,  important  data  in  a  single  or  double 
line  grouping  should  be  at  the  beginning  or  end  of  a  line.  If  the  grouping 
is  three  or  more  lines  (a  data  block),  the  key  groups  should  be  at  the 
corners  of  the  data  block.  If  the  key  data  is  plotted  in  this  manner,  the 
analyst  can  scan  the  page  for  salient  features  before  a  more  formal  anal¬ 
ysis  is  started. 

C.  First  priority  data.  If  it  is  too  lengthy  or  if,  for  some  other  reason,  it 
cannot  be  conveniently  placed  at  the  corners  of  a  data  block,  first  pri¬ 
ority  data  should  be  placed  at  the  top  of  the  data  block  with  the  highest 
priority  item  at  the  left. 

D.  Data  for  isoplething.  The  data  should  be  located  as  close  as  possible  to 
the  center  of  the  data  block.  The  natural  tendency  is  to  use  the  center  of 
a  grouping  for  the  reference  point. 

E.  Addition  or  subtraction  of  data.  Operation  is  facilitated  if  the  data  is  ar¬ 
ranged  in  a  vertical  column  at  either  side  of  the  data  block,  preferably  the 
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left  side,  e.  g. ,  t  t 
*d  tc 

F.  Logical  grouping  of  data.  Clouds,  p  assure,  temperature  factors,  etc. , 
should  be  grouped  together  to  allow  easy  mental  integration. 

G.  Factoring.  Data  should  be  factored  to  reduce  it  to  the  smallest  number  of 
message  digits  consistent  with  the  degree  of  accuracy  required,  e.g. , 
5,000  ft.  *r  100  =  50  (code  figure)  10,000  yards  u.  1000  =  10  (code  figure), 

21  feet  r  3  =  7  (code  figure).  Factoring  of  data  ranges  is  another  approach 
when  both  sender  and  receiver  have  access  to  the  same  table  of  values. 

2. 5937  -  2. 7543  =  1 
2.  7543  -  3.0001  =  2,  etc. 

H.  Data  progressions  or  limits.  They  should  follow  customary  concepts  and 
training  as  closely  as  possible.  There  is  little  chance  of  error  if  the  base 
and  top  of  a  phenomena  are  described  by  altitude  at  the  beginning  ard  end 
of  a  data  group;  e.g. ,  h^h^Nh-tht,  25650.  The  layer  in  question,  defined  by 
the  code  digit  c,  extends  from  2,  500  to  5,  000  feet. 

I.  Numbers  versus  letters.  Shifting  from  uppe~  to  lower  case  and  vice  versa 
on  the  teletypewriter  introduces  a  .ether  possibility  of  garbling  and  should 
be  avoided  if  the  understanding  of  the  message  is  not  impaired  by  using 

all  digits.  Moreover,  letters  usually  have  to  be  transposed  back  to  digits 
before  they  can  be  used,  thereby  delaying  the  use  of  the  information  by  the 


receiver. 
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5.  THE  ECONOMICS  OF  THE  TELE  PLOT  l.TETPOO 
Prior  to  July  1966,  the  Navy  had  one  system  icu  the  tr&ncmif?  on  of  pictorial 
or  graphic  environmental  data  to  ships  at  tea  and  trial’  facilities  —  the  'acrirr.ile 
recorder.  With  this  equipment  : n  peal’  condition  aid  under  the  proper  atmospheric 
conditions,  reproductions  of  weather  charts  and  other  date  :e  reee'ved  by 
radio.  But  with  only  a  s/nall  number  of  fa c simile  recorders  and-*:  ship  c  ~  a 
small  air  station,  the  somewhat  temperamental  recorders  rarely  reach  the  peak 
condition.  The  toning  of  the  radio  signal  or  face  r.nv*«  '  c  ite  precise,  a-f,  if 
the  receiver  is  on  a  chip  moving  through  continual’ •'  charging  field  strengths, 


tuning  is  a  nearly  continuous  joe  in  orcer  to  receive  the  eat  aigna’.. 

At  present,  the  facsimile  broadcast  carrot  be  er  c 'ypiel  an.:  might  necessarily 


be  silenced  during  wartime  co  iitionj.  The  ITavy  needs  more  then  one  system 
with  which  to  communicate  pi  ctorial  or  graphic  data.  Preferably  this  s  stern 
should  be  encryptable,  reliable  under  a  wide  range  of  conditions ,  able  to  present 
data  in  a  variety  of  easily  readibie  forms,  and  \versatile  enough  *0  fulfill  a  large 
percentage  of  user  requirements.  The  radio  -teletype  wr  itir  •  using  the  TELEPLOT 
method  fulfills  these  conditions. 

The  TELE  PLOT  method  is  designed  r'or  the  operational  ?ter  in  a  limited 
operational  area,  although  it  co  If  ve  used  to  hiiprcrm  the  gs  .era’  v feather  broad¬ 
casts.  The  present  general  broadcast  deer  net  completely  '  If  Hi  Navy  require¬ 


ments  under  the  best  conditions,  ard,  »:  bier  acre  or  less  noma!  conditions,  the 
broadcasts  are  quite  ofte;  inadequate.  lidsr  wartime  conditionr,  the  situation 


may  be  expected  tc  deteriorate  even  further.  Its  spectrum  c?  TELEPLOTs 


\ 


presented  in  this  paper  should  not  be  considered  complete;  developments  are  con¬ 
tinuing  on  mere  sophisticated  products.  However,  the  TELE  PLOT.1;  as  presented 
here  could  serve  a  v/ide  variety  of  users  with  unique  Navy  and  military  problems, 
who  are  not  being  served  now,  or  vmc  are  being  served  inadequately.  TELEPLOT, 
by  being  presetted  and,  in  some  cases,  preanalyzed,  provide;;  environmental  data 
to  the  ships  without  meteorological  personnel.  As  the  data  is  preplotted  it  can  be 
used  almost  immediately  without  the  laborious  and  occasionally  ambiguous  decod¬ 
ing  of  data,  and  without  introducing  the  chance  of  error  from  erroneous  plotting. 

Aboard  ship,  time,  space,  and  trained  personnel  are  premium  commodities. 
The  TELE  PLOT  method,  by  diiecting  the  data  toward  a  specific  operational  prob¬ 
lem  in  a  specific  operational  area,  eliminates  the  requirement  for  copying  radio¬ 
teletype  data  continuously.  Data  that  is  not  usable  tc  the  fleet  bar-  been  filtered  ojt 
at  the  central  and  facility  level.  Data  that  is  net  now  available  tc  the  fleet,  wh^re 
there  are  fleet  requirements,  can  be  computer -generated  at  the  centra’s  and  facil¬ 
ities;  e.  g. ,  oceanic  cross-sections  and  data  gride,  ~r;ra  Live  irvJe>:  charts,  sea, 
swell,  and  surf  charts,  etc.  These  data  can  ve  transmit'1  o:  by  the  TELEPLOT 
method.  The  elimination  of  data  not  useful  to  the  Lav  >  will  provide  more  than  suf¬ 
ficient  communications  time  for  new  Navy -oriented  TELEPLOTs.  The  mere  gen¬ 
eral  TELEPLOTs  are  designed  to  replace  cne  or  more  c'  the  rresen*  data  sched¬ 
ules  in  at  least  a  comparable  amount  of  communications  time. 


Comparing  the  time  that  it  tabes  for  a  teletype wr  Te-  o  print  two  pages  of 


■?  -i  \-  Ck 
O  i  u  .  -  *«> 


same  length  under  the  present  system  versus  the  TELEPLOT  method  is  unrealistic. 


First,  the  time  required  for  the  computer  to  sort,  comp  its,  and  position  *he  data, 


short  though  it  may  bo,  must  be  considered.  When  it  is  received,  the  time  to  pre¬ 
pare  a  chart  for  analysis  mu3t  also  be  considered.  The  TELEPLOT  is  eady  for 
analysis  as  soon  as  the  message  is  complete.  With  the  present  system,  the  data 
for  a  surface  chart  of  an  area  is  received  in  bits  and  pieces,  interspersed  with 
route  and  terminal  forecasts,  data  from  other  sections  of  the  country,  and  some¬ 
times  NOTAMS.  After  the  data  are  received,  a  plotter  decodes  the  data  and  plots 
the  information  on  a  blank  weather  chart.  A  true  measure  of  the  time  used  in  an 
environmental  system  must  be  the  time  measured  from  the  observation  to  the 
briefing;  all  other  steps  are  incidental. 

Since  the  data  is  received  from  the  teletypewriter  in  prep^tted  and  largely 
precomputed  form,  the  requirement  for  data  plotters  (four  or  five  men  on  a  fo  ir- 
section  watch  bill)  has  been  eliminated. 

In  addition  to  the  four  or  five  berthing  spaces  saved,  the  TELEPLOT  data 
storage  space  is  considerably  less.  Assuming  that,  on  the  average,  a  ship  re¬ 
quires  2  surface  weather  TELEPLOTs  each  6  hours;  that  is  8,  8  >.  11  pages  a  day, 
or  2,920  pages  a  year,  roughly  a  stack  of  paper  13  inches  high.  There  is  little 
comparison  between  this  and  the  28”  x  46"  trimmed  weather  charts  currently  in 
use. 

The  TELEPLOT  method  offers  procedures  for  decreasi  ;ig: 

1.  The  time  required  from  data  receipt  to  briefing,  by  eliminating  the 
requirement  of  plotting; 

2.  The  number  of  personnel  required  to  man  an  environmental  detach- 


3.  The  possibility  of  error,  because  the  data  is  used  in  the  same  form  as  it 
is  received; 

4.  The  amount  of  teletype  copy  that  must  be  received  by  any  one  station  or 
ship; 

5.  The  amount  of  storage  required,  because  the  amount  of  teletype  copy  is 
decreased,  and  the  received  copy  is  also  the  weather  map. 

This  method  offers  ways  of  increasing: 

1.  The  time  available  to  a  forecaster; 

2.  The  concentration  on  regional  weather; 

3.  The  forecaster's  four -dimensional  concept  of  the  weather; 

4.  The  efficiency  of  the  environmental  detachment  offices  by  decreasing  the 
large  volume  of  data  of  limited  or  no  value  to  Navy  operations; 

5.  The  neatness  and  accuracy;  i  ,  e. ,  the  plot  is  typed. 

S.  The  ease  of  handling  the  briefing  maps  (aids)  in  a  handy,  regional  TELE- 
PLOT  size. 

The  present  teletypewriter  machinery  is  set  for  a  single-space  advance, 
whether  the  space  is  blank  or  contains  a  character.  These  machines  could  be  im¬ 
proved  if  there  were  a  means  to  transmit  a  multiple  space;  for  instance,  a  five- 
space  tabulator,  rather  than  a  single-space  advance. 
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APPENDIX  A 


OPERATIONAL  APPLICATIONS  TO  A  UNIT  WITHOUT 
ENVIRONMENTAL  DETACHMENT  AUGMENTATION 


1.  Definition 

For  the  purposes  of  this  report,  a  unit  without  environmental  detachment  aug¬ 
mentation  is  defined  as  a  unit  without  meteorological  personnel  aboard  and  with  a 
radio-teletypew^er  system,  but  not  a  facsimile  receiver  or  recorder.  Percent¬ 
age-wise  this  represents  a  major  portion  of  the  armed  forces.  To  illustrate  some 
of  the  advantages  of  TELE  PLOT,  it  will  be  applied  to  a  few  fictitious  operational 
problems. 

2.  The  TELE  PLOT  Code  and  Format  Manual 

The  next  logical  development  of  the  TELE  PLOT  method  would  be  a  manual 
with  the  various  codes  and  formats  for  all  conceivable  parameters,  clearly  cata¬ 
logued  and  explained.  With  such  a  manual,  the  sender  could  simply  select  the 
format  most  adaptable  to  his  needs  and  reference  the  selection  in  the  message 
heading.  The  receiver  would  refer  to  the  pianual  for  a  complete  explanation  of 
the  codes  and  format. 

3.  AO  En  Route  Newport,  R.  I.  to  Gibraltar 

The  commanding  officer  of  the  AO  has  been  ordered  to  proceed  from  New¬ 
port,  R.  I.  to  join  the  SIXTH  Fleet  in  the  Mediterranean,  refueling  an  ASW  ex¬ 
ercise  group  northwest  of  Bermuda  en  route.  He  requests  weather  information 
and  forecasts  along  his  route  from  the  Fleet  Weather  Facility,  Norfolk,  Va. 


From  the  TELE  PLOT  Code  and  Format  Manual,  the  forecaster  at  FWF,  Norfolk 

selects  the  following  format : 

Lo  Lo/La 

ddffWi 
dwdwPw^wV 

dsdsI^  Hg 

La 

Where : 


Lo  -  Longitude,  whole  degrees. 

La  -  Latitude,  whole  degrees. 

dd  -  Wind  direction  in  tens  of  degrees. 

ff  -  Wind  speed  in  knots. 

Wi  -  Forecast  weather,  WMO  Code  4562. 

dwdw  -  Direction  from  which  waves  are  coming  WMO  Code  0885. 

Pw  -  Period  of  the  waves,  WMO  Code  3155. 

Hw  -  Height  of  the  waves,  WMO  Code  1555. 

V  -  Visibility  at  the  surface,  WMO  Code  4300. 

Sea  and  swell  are  combined  unless  both  are  significantly  high  for  the  type  of 
ship  in  question  and  are  coming  from  different  directions  {greater  than  30° 
difference).  If  the  swell  is  forecast  to  be  significantly  different,  the  swell 
group  dsdsPsHs  would  be  added  to  the  data  block. 

C  -  Cold  front. 

W  -  Warm  front. 

Under  normal  weather  conditions,  the  weather  forecast  would  be  sent  as  four 
one-degree  areas.  The  four  one-degree  forecast  data  blocks  should  be  positioned 


so  that  the  data  will  represent  the  area  through  which  the  ship  will  pass  during 
the  forecast  period.  At  times  it.  might  be  prudent  to  expand  the  forecast  area  to 
nine  data  blocks  or  to  show  more  definition  by  shifting  to  half  degree  data  blocks. 
This  can  be  done  at  the  facility  without  any  exchange  of  messages  by  simply 
changing  the  Lo/La  to  degree  of  definition  desired. 

With  the  addition  of  the  warm  fronts  (W)  and  cold  fronts  (C)  to  show  the  posi¬ 
tion  of  the  fronts,  the  TELEPLOT  becomes  a  small  regional  weather  map.  By 
plotting  the  position  of  his  ship  and  the  ASW  exercise  group  right  on  the  TELE¬ 
PLOT  message,  the  commanding  officer  of  the  AO  can  see  the  forecast  weather 
hazards  and  sea  conditions  and  may  then  decide  on  the  best  refueling  course,  or 
on  a  change  of  the  rendezvous  area,  should  it  be  advisable  because  of  weather 
conditions. 

4.  The  ASW  Problem 

Obviously  all  ships  in  the  Navy  cannot  be  outfitted  with  computers.  Even  if 
the  economy  could  finance  such  a  program,  many  ships  would  not  have  the  space 
or  the  personnel  to  maintain  such  complex  equipment.  Moreover,  every  ship 
could  not  justify  the  use  of  such  equipment.  However,  operational  control  centers 
and  v/eather  centrals  or  facilities  with  computers  could  transmit  complex  computer 
derivations,  as  well  as  sea  surface  temperatures,  sonic  layer  depths,  or  salinity 
charts  by  TELE  PLOT.  Any  ship  or  facility  with  a  radioteletypewriter  could  receive 
computer  information  by  these  methods.  This  information  would  assist  destroyer 
and  heliccpter  groups  in  determining  the  best  depth  for  their  sonqr  gear  to  detect 
submarines.  The  submarines  could  receive  data  which  would  assist  them  in  avoid- 


ing  detection,  and  the  surface  ships  would  be  able  to  determine  the  best  routes  to 
avoid  detection  by  the  submarines. 

The  TELEPLOT  method  seems  particularly  appropriate  for  the  ASW  field,  as 
well  as  aviation,  which  will  be  discussed  in  a  later  section.  As  an  illustration, 
consider  a  computer  derivation  of  certain  properties  of  sound  based  on  the  inputs 
of  bathythermographs  or,  for  that  matter,  based  on  computer  forecast  data. 

TELE  PLOT  is  adaptable  to  factoring  procedures  to  reduce  the  size  or  complexity 
of  the  numerals  and  shorten  the  messages  involved.  A  page  from  the  TELEPLOT 
Cbde  and  Format  Manual  would  be  similar  to  this  for  a  sound  problem. 


Parameter 

Distance 

Depth 

Intensity 


Factor 

1000  yards 
100  feet 
Decibels 


TELE PLOT 

S 

D 

I 


Form  at. 


Example  TELEPLOT  Message  Body 


p  S  S  S  S 
D  I  I  I  I  I 
D  I  I  I  I  1 
D  I  I  I  I  I 
D  I  I  I  I  I 
D  I  I  I  I  I 


1  2  3  4  5 

19  6  1 

2  8  9  6  1  1 

3  6  8  8  5  4 

4  1  8  8  6  6 

5  1  6  7  7  5 

6  3  6  7  6 

7  14  6  6 

8  13  6  8 

9  12  5  8 

0 


6  7  8  9  0  1 

1  5  5  5  4  4 

4  5  3  2  1  2 

6  3  1  1 

4  1  12  2 

2  2  4  5  4 

2  4  5  5  5  3 

5  6  5  5  2  1 

8  5  2 

8  2 


2  3  4  5  6 

4  2  1 

3  3  3  3  1 

2  3  3  5  3 

4  4  2  1  1 

3  2  1 

1  1 


The  analyzed  expanded  reproduction  for  operational  use  on  the  ship  or 


submarine  is  illustrated  in  figure  A.  1. 
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5.  Amphibious  Operations 


The  more  obvious  TELEPLOTs  for  this  type  of  operation  would  be  weather, 
sea,  swell,  and  surf.  The  latter  makes  a  very  interesting  TELE  PLOT.  A  few 
years  ago  the  directional  rays  of  the  surf,  the  wave  fronts,  refraction  as  the  waves 
shoal,  breaker  type  and  height  were  all  laboriously  hand  computed,  now  they  can 
be  programmed  through  the  computer  in  a  small  fraction  of  the  time,  and  now 
TELEPLOT  can  make  these  computer  derivations  available  to  the  fleet,  figure 
A.  2. 

Figure  A.  3  is  the  analysis  of  the  Sea  and  Surf  TELE  PLOT.  This  TELEPLOT 
is  designed  to  fit  over  some  chart  common  tb  all  users.  Bench  marks  or  latitude, 
which  has  been  omitted  on  this  example,  would  be  used  for  aligning  the  TELEPLOT 
with  the  base  chart.  The  numbers  represent  the  heights  of  the  sea  and  surf.  By 
connecting  the  lines  of  numbers  together  with  faired  lines,  as  was  done  in  this 
figure,  the  orientation  of  the  wave  fronts  and  orthoganals  can  be  determined.  At 
either  point  and  at  the  center  of  the  beach,  notice  that  the  height  of  the  breakers 

I 

increases  to  10  feet  and  above  but  that  the  tens  digit  is  omitted. 

It  should  be  emphasized  that  TELE  PLOT  is  a  two  way  exchange  of  intelligence. 
It  can  be  used  just  as  easily  to  transmit  data  from  the  fleet  to  the  computer  center, 
or  for  that  matter,  ship  to  ship.  To  illustrate,  an  underwater  demolition  team 
(UDT)  surveys  a  shoreline  in  preparation  for  an  amphibious  assault.  The  col¬ 
lected  data,  beach  gradient,  water  depths,  currents,  natural  and  man-made  ob- 
.  structions,  mine  fields,  etc.  can  all  be  plotted  on  a  chart  and  sent  to  the  Amphi¬ 
bious  Strike  Force  Commander  by  TELEPLOT.  TELE  PLOT  data  can  easily  be 
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Figaro  A.  3.  Ar  a'  ;zt  d  Sea  ard  Surf  TELE  PLOT  of  figure  A.  2.  Note  that  the  ter»s 
i  g  s  om  idea  for  the  height  of  the  sur*'  along  the  Sei.ier  of  theTJeach 
and  at  t  ach  point  of  land. 


sent  in  sections  to  te  joined  at  the  receiving  facility,  so  the  scale  of  the  data  is 
flexible,  figure  A.  4. 

» 

Figure  A.  5  is  the  analysis  of  the  UDT  TELEPLOT  report.  The  same  method 
of  chart  alignment  and  orientation  as  the  above  would  be  used.  The  digits  indicate 
the  depth  of  the  water  at  some  convenient  interval,  e.  g. ,  fathoms.  The  "X"  in¬ 
dicates  rocks,  and  the  '  M"  indicates  the  location  of  a  mine.  The  UDT  survey,  in 
actuality,  would  have  to  be  done  before  the  sea  and  surf  analysis  could  be  com¬ 
pleted. 

6.  Refractive  Index 

The  Refractive  Index  TELEPLOT  is  designed  to  present  refractive  index  data 
over  a  wide  area.  The  grid  in  this  particular  TELEPLOT  is  approximately  120 
nautical  miles  to  a  side  (2  degrees  latitude  and  longitude).  The  data  block  allows 
space  for  three  layers,  with  the  lowest  layer  at  the  bottom  of  the  data  block  and 
proceeding  upward  for  higher  layers.  For  layer  continuity,  the  whole  picture 
should  be  considered.  For  instance,  at  one  position  there  may  be  a  single  layer  at 

7,  000  feet;  at  another  position  there  may  be  additional  layers  at  4,  000  and  at  12,  000 
feet.  If  the  layer  at  7,  000  feet  were  initially  placed  in  the  lower  position,  it  would 
have  to  be  stepped  when  the  4,  000  foot  layer  was  plotted.  Therefore,  the  initial 
data  entry  rnay  be  in  either  the  lower,  middle,  or  upper  position  cf  the  block  de¬ 
pending  upon  the  data  in  the  surrounding  data  blocks. 

The  chosen  format  is  h^h^I-Ih^h^,  where  h^h^is  the  bottom  of  the  layer  in 
thousands  of  feet,  and  htht  is  the  top  of  the  layer.  If  the  layer  altitudes  are  less 
than  1,  000  feet,  9  is  used  as  a  decimal  point;  i.  e.  ,  98  =  .  8  x  1000  =  800  feet.  N 


is  the  code  figure  for  the  N  units  per  thousand  feet. 


N  Gradient  Code 


0  to  (-24) 

B1 

(-24)  to  (-30) 

0 

(-30)  to  (-36) 

1 

(-36)  to  (-42) 

2 

(-42)  to  (-48) 

3 

(-48)  to  (-54) 

4 

(-54)  to  (-60) 

5 

(-60)  or  greater  6 

0  to  (+8)  7 

(+5)  to  (+12)  8 

(+12/10  (+18)  9 

(+18) to  (+24)  X 

(+24  )  or  greater  Y 

The  Refractive  Index  TELEPLOT  (fig.  A.  6)  is  designed  to  be  usable  by  either 
surface  or  aviation  commands.  The  analysis  of  the  TELEPLOT  is  quite  simple, 
knowing  the  characteristics  of  the  radio  or  radar  equipment,  the  user  enters  the 
table  with  the  minimum  N-gradient  that  will  affect  his  equipment.  For  instance, 
the  CIC  officer  on  a  ship  v/ith  equipment  with  emissions  which  will  be  trapped 
under  conditions  with  an  N-gradient  of  greater  than  -48  N/1000  feet,  or  4  in  the 
code  table  should  search  the  Refractive  Index  TELEPLOT  for  all  values  4  or 
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greater  in  the  center  spaces  (solid  line).  He  can  then  plot  his  ship's  position 
directly  on  the  TELEPLOT,  determine  the  atmospheric  effects  upon  his  equip¬ 
ment,  and  see  what  position  changes  would  improve  his  situation. 

In  another  example,  an  aircraft  is  planning  to  fly  through  this  same  area  at 
8,  000  feet.  He  has  determined  that  his  equipment  will  be  affected  by  an  N-gradient 
of  -30  N/1000  feet,  or  1  in  the  code  table.  He  searches  the  TELEPLOT  for  all* 
values  1  or  greater  in  the  vicinity  of  8,  000  feet  (the  dashed  line).  To  receive  op¬ 
timum  performance  from  his  equipment,  he  can  either  avoid  the  affected  area, 

-  change  altitude,  or  at  least  take  the  effects  in  the  account,  figure  A.  7. 

*  7.  The  Ice  TELEPLOT 

The  Ice  TELEPLOT  is  so  straight¬ 
forward  and  obvious  that  no  analysis  is  re¬ 
quired.  The  slants  represent  land  areas  — 
Canada  on  the  left,  Greenland  on  the  right. 
Using  the  WMC  code  0663,  we  see  that  1  is 
new  ice,  2  is  fast  ice,  4  is  packed  (compact) 
slush  or  sludge,  5  is  a  shore  lead,  6  is  heavy 
fast  ice,  7  is  heavy  pack  ice/  drift  ice,  8  is 
hummocked  ice,  and  9  is  icebergs.  The 
longitude  is  along  the  upper  border,  latitude 
is  along  the  left  border. 


Figure  A. 8 
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APPENDIX  B 


AVIATION  TELE  PLOTS 

Aviation  products  are  somewhat  more  complex  than  surface  environmental 
products,  since  the  data  must  be  four  dimensional  (area  (x  and  y),  altitude  (z), 
and  time  U)  }.  The  straightforward  product  will  present  few  problems  to  the 
knowledgeable  aviator  or  operations  officer;  however,  more  involved  interpreta¬ 
tions  reqiire  the  services  of  meteorological  personnel  in  order  to  derive  the  opti¬ 
mum  benefits,. 

Again,  the  aviation  TELEPLOT  method  is  designed  for  all  aviation  and 
meteorological  facilities  but  is  primarily  aimed  at  offering  assistance  to  the 
smaller  facilities  and  ships  with  their  limited  facilities  and  personnel  allowances. 
In  general,  TELEPLOT  offers  products  that  are  as  preplotted  and  preanalyzed  as 
possible  t.o  reduce  the  total  time  between  the  observation  and  the  briefing. 

1.  Surface  Weather  TELE  PLOT 

The  weather  forecaster  aboard  ship  or  on  an  air  station  is  responsible  for 
environmental  forecasts  from  which  decisions  are  made  or  modified.  Upon  these 
decisions  depend  the  safety  of  men,  ships,  and  aircraft,  mission  accomplishment, 
and  success  in  battle.  To  perform  properly  in  this  responsible  position,  the  fore¬ 
caster  must  have  the  proper  tools.  In  recent  years,  this  has  meant  the  addition  of 
ever  increasing  amount  of  raw  data.  This  trend  has  continued  until  a  single  fore¬ 
caster  (as  aboard  an  aircraft  carrier)  dees  net  have  time  to  scan  and  decode  all 
the  environmental  data  which  is  available,  much  less  to  analyze  it.  As  a  conse¬ 
quence,  muc’r  of  the  dsta  which  is  observed,  coded,  and  transmitted  at  a  consider- 
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able  expenditure  of  time  and  money  is  not  used  by  the  ship  forecaster  or  the  air 
station  with  a  small  meteorological  personnel  compliment. 

Radioteletype  data  is  interded  to  include  many  compromises,  giving  as  much 
information  to  as  many  users  as  possible.  As  a  consequence,  the  Navy  ship  op¬ 
erating  in  the  Atlantic  or  Pacific  receives  approximately  the  same  data  as  the 
agricultural  station  in  Iowa.  This  data  can  be  divided  into  three  general  cate¬ 
gories:  Data  that  is  analyzed  in  great  detail  because  it  is  required  for  forecast¬ 
ing  and  briefing;  data  that  is  grossly  analyzed  because  it  may  affect  the  operating 
area  at  a  later  time;  and  data  that  is  of  no  value  and  is  usually  not  plotted. 

The  Navy  weather  centrals  and  facilities  could  provide  a  filter  for  incoming 
data,  eliminating  data  not  pertinent  to  Navy  problems  and  rearranging  the  re¬ 
mainder  into  its  most  usable  form.  The  format  should  be  designed  for  Navy  op¬ 
erational  requirements  in  the  particular  area  of  responsibility.  For  instance. 
Fleet  Weather  Facility  Kodiak,  Argentia,  and  KeflaviV.  would  be  concerned  with 
ice  conditions,  but  this  data  would  be  wasted  on  Norfolk  or  Jacksonville.  How¬ 
ever,  each  central  or  facility  would  have  responsibilities  to  provide  general 
services  to  Navy  ships  or  units  within  their  areas  of  responsibility. 

The  TELEPLOT  method  is  proposed  to  solve  many  of  these  problems.  The 
weather  chart  is  divided  into  regional  grid  squares  with  ^40  mile  sides,  which  is 
a  slightly  smaller  scale  than  the  1 000,  000  chart  used  on  some  of  the  current 
weather  charts.  The  computer  would  be  programmed  to  sort  the  data  and  then  to 
arrange  it  into  the  proper  grid  and  into  the  correct  position  within  the  grid.  The 
teletype  tap  of  rearranged  data  is  then  transmitted.  It  Is  received  as  a  preplotted 
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weather  map,  or  TELEPLOT.  A  computer  program  for  rearranging  synoptic 
weather  data  from  a  standard  incoming  teletype  tape  to  pro c  -  ce  TELE  PLOT 
weather  charts  was  established  experimentally  at  the  U.  b.  IT a  ry  Weather  He  • 
search  Facility  in  May  1966. 

The  TELEPLOT  is  a  handy  clipboard  size  that  is  i  leal  for  briefing  in  the  re¬ 
stricted  area  of  a  bridge,  particularly  at  night  when  +he  only  prep  is  a  red  leased 
flashlight.  Each  TELE  PLOT  matches  the  adjacent  one  so  there  is  no  problem  in 
increasing  the  data  coverage,  should  a  ship  be  close  tc  the  eige  of  a  TELEPLOT, 
or  a  larger  coverage  be  desired.  Longitude  is  printed  vertically  along  the  top  of 
the  TELEPLOT;  latitude  is  printed  horizontally  along  the  left,  border. 

The  coding  for  the  format  has  been  restricted  tc  data  that  is  presently  being 
used,  FM  11  for  shore  stations,  and  FM  21  for  ships.  The  present  FM  11.  C  en¬ 
codes  surface  synoptic  weather  data  in  the  format: 


iii  Nddff  Wv/wW  PPPtt  tgLj&pp  ,  etc. 


The  data  is  then  decoded  and  plotted  ,  partly  in  symbol  s  and  partly 
around  the  station  symbol  that  is  located  cn  a  large  weather  chart. 


w  $ 

Uu  _.-t. 


numerically. 


This  symbolic  plotting  obviously  cannot  be  done 


efficiently  by  the  computer. 


However,  the  steps  of  decoding,  o*  searching  for  the  station  location,  and  of 


hand  plotting  of  the  data  can  be  eliminated.  By  minor  rearrangement  of  the  code 
into  a  more  usable  form  and  positioning  the  TELE  PLOT  code  format  at  the  sta¬ 
tion  position,  analysis  can  be  commenced  immediately  upon  receipt  of  the  data. 
The  shore  station  surface  weather  data  TELEPLOT  format  is: 


i  i  i  V  V  w  w 
N  N.  h  C,  CMCUW 

it  t  n  m 

t  t  p  p  p  p  p 
t4  t  d  d  f  f  h 


L  C  H  S  14  2 

6  3  2  4  1  1  4 

numerically:  7  5  1  3  0  1  6 

7  4  2  3  1  0  2 


The  same  format  is  used  for  ship  data,  with  the  exception  that  the  time  (GG) 
is  used  instead  of  the  station  call  letters  or  numbers,  and  the  sea  water  tempera¬ 
ture  (tsts),  wave  group  (dwdwPwHw),  and  the  ship's  course  and  speed  (Dsvs)are 
added  at  the  end  of  the  report. 


G  G 


V  V  w  w 
CLCLCLW 


N  N^h 
t  t  P  P  P  p  p 


'***  d 
t%  dwdw 
Dsv« 


f  f 
P 


a 

H 


The  data  is  arranged  in  a  logical  order  to  facilitate  its  use  without  transforma¬ 
tion.  Following  the  station  identifier  for  shore  stations,  or  time  for  ship  observa¬ 
tions,  is  what  might  be  termed  the  visual  observation  grouping  (visibility,  weather, 
and  clouds).  In  the  first  line  are  the  visibility  and  weather  (VVww),  and  in  the  sec¬ 
ond  line  is  the  cloud  collective  and  the  past  weather  ^NN^hC^Cj^CjjW),  which  are 
of  priority  importance.  The  temperatures  (tt,  t^t^,  andtgt&)  are  arranged  in  vertical 
order  for  rapid  comparison  of  air,  dew  point,  and  water  temperature  spread.  The 


pressure  (PPP)  is  located  at  the  center  of  the  report  so  that  the  isobars  in  pressure 
analysis  will  be  correctly  located  in  relation  to  report  position.  The  amount  of 
pressure  change  (pp)  is  grouped  with  the  pressure  for  easy  reference.  The  pres¬ 
sure  change  characteristic  is  located  below  the  pressure  change  group  on  the  next 
line  because  of  space  limitations.  The  wind  group  (dd  ff),  which  is  an  aid  in  draw¬ 
ing  isobars,  is  located  under  the  pressure  (PPP).  The  wave  group,  which  is  part 
of  the  ship  collective  (tst^^c^  ),and  an  add-on  to  the  basic  shore  station  re¬ 

port,  is  located  on  the  next  line.  The  ship  course  and  speed  (&sv9  ),  which  are 
necessary  in  evaluating  the  accuracy  of  the  reported  wind  and  other  parameters, 
are  given  at  the  end  of  the  report. 

A  plastic  overlay  with  topographical  features  and  the  exact  geographical  lo¬ 
cations  of  the  various  stations  would  be  required  for  land  TELE PLOTs,  or  those 
that  included  a  coastal  section.  The  computer  would  be  programmed  to  select, 
arrange,  and  position  a  preselected  array  of  stations  so  that  the  data  would  have 
at  least  one  blank  space  between  i*  and  the  next  report  at  the  sides.  Where  pos¬ 
sible,  the  data  block  would  be  positioned  so  that  the  second  digit  of  the  pressure 
(PPP)  would  be  over  the  geographical  location  of  the  station.  The  station  loca¬ 
tion  should  always  fall  somewhere  within  the  data  block  if  it  cannot  be  located 
exactly  under  the  second  digit  of  the  pressure  group.  A  shadow  line  on  the 
plastic  overlay  should  be  printed  to  connect  the  computer  positioned  data  block 
center  with  the  station  position.  Station  reports  which  cannot  be  located  on  the 
TELEPLOT  are  to  be  typed  under  the  TELEPLOT  after  being  arranged  by  posi¬ 
tion,  from  left  to  right,  starting  at  the  top  and  using  nearly  the  same  code  as  the 
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TELEPLOT,  e.  g.  : 


iii  VVwwW  NNhhCLCMCH  ttPPP&pp  tdtdddff 

Frequently,  ship  reports  are  received  too  late  to  be  sent  on  regular  teletype 
schedules.  However,  the  reports  are  particularly  valuable  to  ship  meteorologists, 
if  we  consider  the  paucity  of  data  under  the  best  conditions.  Ship  data  received 
after  the  TELE  PLOT  tape  has  been  cut  would  be  labelled  by  time  (GG),  arranged, 
and  prepared  for  the  next  TELEPLOT.  Data  which  would  be  12  hours  old  at  the 
observation  time  of  the  next  TELE  PLOT  would  be  discarded.  If  two  ship  report 
data  blocks  overlap,  the  one  with  the  later  observation  time  would  receive  priority. 
If  both  reports  were  of  the  same  observation  time,  the  first  one  received  would 
have  priority  for  the  space.  Ship  reports  that  do  not  have  room  on  the  TELEPLOT 
would  be  printed  below  it  from  left  to  right,  top  to  bottom,  e.  g.  : 

LaLaLa  LoLoLoGG  VVwwW  NNhhCLC7ICH  «PPP*PP 
*d*dddff  ^s^s^w^wPw^w  ^svs 

Weather  charts,  in  general,  are  very  conservative  of  space.  By  that  we 
mean  that  a  station  or  ship  report  is  a  grid  point  for  16  isopleths  of  weather  in¬ 
formation  if  it  is  a  shore  station  or  20  isopleths,  if  it  is  a  ship.  If  every  value 
were  isoplethed,  the  chart  would  become  a  hopeless  jumble  of  lines.  Even  though 
lines  are  not  drawn  for  all  the  data,  during  the  process  of  the  analysis,  the  analyst 
mentally  integrates  the  various  parameters  into  the  overall  picture.  Little  is  ac¬ 
complished  by  separating  individual  parameters  to  individual  charts,  because  the 


forecast  is  based  upon  the  total  picture,  not  just  the  temperature  or  some  other 
single  parameter.  However,  should  there  be  a  special  requirement  to  consider 
only  one  parameter,  it  can  be  easily  lifted  from  the  data  by  isoplething  it  onto  a 
separate  plastic  overlay. 

Figure  B.  1  is  a  surface  weather  TELE  PLOT  as  it  would  appear  when  re¬ 
moved  from  the  teletypewriter,  using  the  format  as  previously  mentioned.  Gen¬ 
erally,  a  blank  space  separates  individual  stations.  However,  if  stations  are  off¬ 
set  in  the  vertical  axis  they  can  abut  the  station  above  or  below  it  without  ambigu¬ 
ity;  e.  g. ,  GVE,  LYH  and  RIC,  DAN  and  RDU,  and  GSO  and  CLT.  If  a  ship  ob¬ 
servation  could  not  be  positioned  correctly  solely  because  of  the  ship  course  and 

/ 

speed  group  ),  the  course  and  speed  group  may  be  moved  to  the  opposite  side 

of  the  data  block,  as  in  the  case  of  the  ship  at  32.  6°N,  78.  9°W. 

Significant  stations,  particularly  military  airfields,  that  cannot  be  typed  on 
the  TELEPLOT  would  be  typed  below  the  TELEPLOT  in  the  modified  format.  On 
this  TELEPLOT  the  number  would  be  about  3  to  6  additional  lines  to  give  a  com¬ 
plete  weather  chart. 

All  available  stations,  whether  programmed  for  the  TELEPLOT  or  not,  should 
be  positioned  on  the  overlay.  The  meteorologist  must  continually  have  the  opera¬ 
tional  requirements  in  mind.  To  assist  him  in  integrating  these  requirements,  the 
station  symbols  should  signify  the  facilities  available  at  each  station.  On  the  op¬ 
erational  overlay,  military  and  civilian  airfields  with  various  runway  lengths  and 
facilities,  should  have  some  distinguishing  symbol. 
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Figure  B.  1 . 
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1.  1  Conventional  Analysis 


Figure  3.  2  is  a  conventional  pressure  pattern  and  frontal  analysis.  The 
overlay  should  be  placed  initially  under  the  TELE  PLOT  on  a  light  table  and  the 
exact  geographical  position  of  each  of  the  land  stations  transferred  to  the  TELE¬ 
PLOT  with  a  dot.  As  the  analyst  becomes  familiar  with  the  format,  this  will 
normally  be  the  extent  of  the  plotting  required.  However,  to  provide  a  transi¬ 
tion  between  the  plotted  chart  and  the  TELEPLOT,  the  pressure  (third  line,  cent¬ 
er  3  digits)  has  been  underlined,  and  the  wind  (fourth  line,  center  4  digits)  has 
been  plotted  symbolically.  The  overlay  is  then  put  on  top  of  the  TELE  PLOT  and 
the  analysis  proceeds  in  a  conventional  manner.  Note  the  "out  of  phase"  wind  on 
the  ship  at  31.  3UN.  ,  77.  0°W.  The  wave  group  (fifth  line,  last  4  digits)  indicates 
that  the  waves  are  coming  from  230°,  as  are  the  waves  at  other  ships  in  that 
area  on  that  side  of  the  front.  A  check  of  the  ship's  course  and  speed,  line  6 
(NE,  16-13  knots),  indicates  that  the  observer  may  have  transmitted  the  rela¬ 
tive  wind  instead  of  the  computed  true  wind,  an  all  too  frequent  occurrence. 

1.2  Salient  Weather  Analysis 

The  pressure  pattern  analysis  is  one  step  in  a  series  of  steps  that  an  analyst 
makes  to  determine  the  overall  pattern  of  weather  developments;  this  step,  how¬ 
ever,  is  not  required  to  provide  briefing  data  for  existing  conditicns,  as  figure 
B.  3  demonstrates.  The  visibility  code  figure  96  (first  line,  fourth  and  fifth  dig¬ 
its)  is  the  equivalent  of  4  kilometers,  or  2. 48  miles.  Therefore  all  visibility 
codes  96  or  less  are  areas  of  instrument  conditions  because  of  visibility.  Pro¬ 
ceeding  to  the  sixth  and  seventh  digits,  also  on  the  first  line,  we  can  read  the 
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present  weather  in  code  format.  The  forties  indicate  fog,  and  xhe  nineties  are 
showery  type  precipitation;  thus,  these  areas  can  be  quickly  outlined.  Of  direct 
interest  to  the  Navy  are  the  sea  conditions,  the  last  A  digits  or*  the  fifth  line.  The 
wave  height  isopleth,  with  the  salient  weather  features  as  mentioned  above,  pro¬ 
vides  sufficient  data  for  briefing  in  a  matter  of  a  few  minutes. 

2.  Approach/ Landing  Conditions  TELE  PLOT 

Aboard  an  aircraft  carrier  or  ashore  at  a  naval  air  station,  most  of  the  weath¬ 
er  forecaster's  problems  deal  with  aircraft  approach  and  landing  conditions.  The 
factors  having  the  greatest  effect  on  landing  conditions  are  runway  condition,  Visi¬ 
bility,  clouds,  weather,  and  wind;  at  sea,  the  height  of  the  sea  and  swell  is  a  sig¬ 
nificant  factor.  To  describe  these  conditions  on  a  TELEPLOT,  the  chosen  format 
is : 

V  N  h  W|W| 
d  d  f  f  E 

V  -  Surface  visibility  (WMO  code  4300); 

N  -  The  fraction  of  the  celestial  dome  covered  by  clouds  (WMO  code  2700); 
h  -  The  height  of  the  base  of  the  clouds  above  the  ground  (WMO  code  1600); 

W jW}  -  Forecast  surface  weather  (WMO  code  4687); 
dd  -  The  true  direction  from  which  the  wind  is  blowing  in  tens  of  degrees 

(WMO  code  0377); 
ff  -  Wind  speed  in  knots; 

E  -  At  shorn  stations,  state  of  the  ground  (runway  condition,  WMO  code  0900). 

At  sea,  the  combined  sea  and  swell  height.  Multiply  the  code  number  by 

3  for  the  significant  "wave  height. 
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Figure  B.  4  is  the  TELEFLOT  as  it  would  appear  v/hen  it  is  removed  from  the 
teletypewriter.  Longitude,  in  vertical  orientation,  is  given  along  the  top  and  lati¬ 
tude  along  the  sides.  The  shore  station  data  is  labelled  by  the  station  sail  letter? 
and  computer  positioned  as  close  to  the  geographical  position  of  the  station  as  pos¬ 
sible.  Data  ever  the  ocean  is  in  one-degree  grid  blocks,  which  distinctly  outline 
the  coastline  without  the  use  of  a  plastic  overlay.  However,  an  overlay  to  outline 
the  coast  and  to  locate  exactly  the  stations  presented  would  be  of  assistance  in 
analysis.  Figure  3.  5  is  one  form  of  analysis  that  can  be  performed  on  this  data. 

From  the  weather  pattern  (the  last  two  digits  in  the  top  line)  and  the  wind  pat¬ 
tern  (the  first  four  digits  on  the  bottom  line)  there  ie  an  apparent  frontal  system 
with  a  low  center  between  Cherry  Point  (NXT)  and  Elizabeth  City  (ECG).  On  the 
top  line,  the  first  digit  represents  the  visiblity.  Less  than  6  (4  to  10  kilometers  = 
2.  5  to  6.  2  miles)  would  be  instrument  conditions  (IFR  because  of  visibility).  The 
second  digit  symbolizes  the  eights  (oktas)  of  cloud  cover.  The  third  number  is  the 
height  of  the  base  of  the  clouds  (4  =  300  to  600  meters  -  9B4  to  1968  feet).  There¬ 
fore,  less  than  the  cede  digit  4  is  instrument  conditions  (IFR)  because  of  ceiling 
height.  The  IFR  area  has  been  enclosed  with  a  short  dashed  line.  From  the  last 
two  digits  on  the  top  line,  a  rain  area  has  been  de  nned  with  a  long  dashed  line. 


The  last  digit  in 
at  air  stations.  This 
distance  is  increased 


the  bottom  line  represents  the  run  vay  or  ground  conditions 
information  is  essential  during  the  summer,  when  braking 
by  wet  runways,  bet  vital  djrir.g  the  winter  v/ith  ice  or 


snow  covered  runways,  which  in  essence  closes  many  i 
reverse  thrust  or  drogue  chutes-.  At  sea,  the  height  o? 
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Figure  3.4.  Appav a / Landing  Co.-',  a.*  o:  f-  TF'^J:  ,Juu , 
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factor  in  the  safety  of  aircraft  carriers  and  ship  operations.  The  sea  heights  are 
analyzed  in  3-foot  units  and  isoplethed  with  a  solid  line.  Other  analyses  that  could 
be  as  easily  performed  include  isogon-isotach,  ele-d  height,  and  visibility. 

3.  Horizontal  Weather  Depiction  TELE  PLOT  (HWDT) 

Horizonta  Wea+her  Depiction  Charts  and/or  Vertical  Weather  Cross  Sections 
are  required  for  extended  flights  over  water  and  a"e  encouraged  for  all  long  flights. 
Unfortunately,  there  is  a  wide  variation  in  the  quality  among  locally  produced  pro¬ 
ducts,  which  depend  upon  the  amount  of  time  and  data  available  and  upon  the  artis¬ 
tic  ability  of  the  analyst-forecaster. 

The  raw  data  requirements  for  even  the  most  rudimentary  horizontal  weather 
depiction  chart  include  several  pibals,  rawinscndes,  terminal  forecasts,  and  yards 
of  surface  observation  teletype  data.  Just  the  search  for  the  data  and  its  proper 
assembly  are  projects  in  themselves.  These  data  meet  then  be  analyzed  individual¬ 
ly  before  they  can  be  collectively  analyzed  in  order  to  produce  a  usable  horizontal 
weather  depiction  chart.  However,  even  the  best  field,  wo r’<  cannot  match  the 
derivations,  extrapolations,  and  speed  of  a  central  or  faci'ity  computer. 

In  this  example,  HWDT,  a  one-degree  latitude  and  longitude  grid  space  has 
been  accepted  to  be  about  the  largest  scale  that  could  be  ~seb  and  still  position 
weather  phenomena  with  any  degree  of  accuracy.  Five  space?  horizontally  to  3 
spaces  vertically  produces  a  square  on  the  TELEPLOT,  t  :i  in  this  case  the 
chosen  coding  ci  environmental  data  requires  5  sjaoes  0  spaces  of  data  and  1 
blank  space  for  data  separation)  horizontally  to  3  spaces  vertically.  Minor  varia¬ 
tions  of  one  space,  either  vertically  or  horizontally,  do  *ct  cause  serious  dis- 
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proportionality  to  the  product,  but  more  than  one  space  would  distort  the  map  qual  - 
ity  of  a  TELE  PLOT. 

The  most  important  data  is  positioned  at  the  beginning  and  end  of  each  group 
if  possible.  This  is  because  the  eye  is  more  sensitive  to  variations  of  daia  in  these 
positions,  and  this  allows  the  analyst/forecaster  to  scan  the  page  for  significant 
features  before  analyzing  the  product. 

The  HWDT  code  gives  the  amount  of  clouds  N(WMO  code  2700),  the  type  of 
clouds  C  (WMO  code  0t»00),  the  weather  W1W1  (WMO  code  4667),  and  icing  and/or 
turbulence  J  (WMO  code  1900)  in  the  following  format. 

N  C  W,WjJ 

ww 

The  second  line  of  the  model  format  is  the  altitude  (in  thousands  of  feet)  of 
the  base  h^h^  and  of  the  top  htht  of  the  phenomenon  described.  If  turbulence  and/or 
icing  (J)  were  forecast  this  would  be  the  phenomena  described.  If  no  icing  or 
turbulence  was  forecast,  it  would  describe  the  significant  cloud  C.  The  number  9 
would  take  the  place  of  a  decimal  point  for  low  stratus  or  fog  with,  bases  below 
1000  feet,  e.  g. , 

00  =  surface 
92  =  .  2  x  1000  =  200  feet 
02  =  2000  feet 
20  =  20,  000  feet 

By  using  adjacent  data  blocks  to  describe  other  significant  data,  we  can  pro¬ 
duce  a  fairly  complete  description  of  sky  conditions.  The  format  can  be  improved 
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by  using  a  letter  and  four  digit  number  (h^h^h^)  to  designate  some  special  phe¬ 
nomenon  and  to  locate  it  by  the  altitude  of  its  base  and  top.  Some  of  these  phe¬ 
nomena  might  be  the  jet  stream  J,  contrails  C,  or  a  chaotic  sky  condition  K,  etc. 
The  TELE  PLOT  group  would  then  appear  as: 

7  8  18  3 
K  0  1  2  t» 

Decoded,  this  group  indicates  that  clouds  cover  7  oktas,  (9/ 10  or  more  of  the 
sky,  but  not  10/l0ths).  Cumulus  is  the  significant  cloud  type;  squalls  are  the  sig¬ 
nificant  weather  in  this  grid;  and  the  last  digit,  3,  indicates  moderate  turbulence, 
but  no  icing.  The  letter  K  in  the  second  line  indicates  a  chaotic  sky  with  cloud 
bases  at  1000  feet  and  forecast  to  reach  25,  000  feet.  Without  the  letter  K,  the 
altitude  data  would  refer  to  the  turbulence. 

The  envisioned  TELE  PLOT  would  appear  as  blocks  of  data  without  land  mas¬ 
ses  or  individual  station  forecasts  designated.  If  the  receiving  station  desired, 
plastic  overlays  of  land  masses,  topography,  airway  routes,  and  individual  sta¬ 
tions  could  easily  be  prepared.  As  the  example  TELEPLOT  (figure  B.  6)  is  a 
forecast  for  the  area  from  73°W.  to  84°W.  and  JtfN.  to  38°N.  ,  it  supplies  fore¬ 
cast  data  for  air  routes  in  the  southeastern  U.  S. ,  oceanic  routes  between  NAS 
Norfolk  and  NAS  Guantanamo,  and  data  for  the  aircraft  carriers  in  the  Virginia 
Capes  and  in  the  Jacksonville,  Florida  Fleet  Operating  areas. 

Figure  B.  7  is  the  analyzed  Horizontal  Weather  Depiction  TELE  PLOT  as  it 
would  be  presented  to  the  aircraft  commander  with  other  weather  documents. 

All  that  remains  to  be  done  is  to  plot  the  intended  flight  track. 
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HORIZONTAL  WEATHER  DEPICTION  TELEPLOT 
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4.  Vertical  Weather  Cross  Section  TELEPLOT  (VWCST) 


There  is  enough  data  available  in  raw  form  to  crecare  a  usable  cross  section 
for  almost  any  air  route  in  the  United  States  on  a  12,  and  possibly  a  6,  hour  basis. 
Unfortunately,  lack  of  time  and  a  sufficient  number  of  analysts  and  forecasters 
prevent  such  an  attack  on  this  tremendous  quantity  of  data.  Computers  could  re¬ 
duce  the  derivations  and  extrapolations  over  fixed  routes  or  a  fixed  grid  of  cross 
sections,  so  that  forecasters  or.  the  ships  or  smaller  facilities  would  have  only 
minor  finishing  touches  to  add  in  order  to  complete  a  VWCST  for  a  pilot's  weather 
document  packet  or  for  use  in  operational  thermodynamic  or  isentropic  analyses. 

The  selected  code  format  is: 

N5C  t$t?J  Wp 
dkdKfkfKR  R 

Ns  -  The  amount  of  individual  cloud  layer  or  mass  (WMO  code  2  700)  of  genus 
C  clouds  at  the  designated  altitude  and  position  (grid  block);  for  exam¬ 
ple,  at  6,  000  feet,  the  code  could  be  0,  indicating  no  clouds  at  that  posi¬ 
tion  and  altitude,  while  at  5,000  feet,  it  could  be  8  (8  oktas).  This  would 
indicate  that,  at  that  particular  position,  the  clouds  completely  cover  the 
the  5,  000  foot  level,  but  the  tops  of  the  clouds  do  not  extend  to  6,  000  feet. 

C  -  Genus  of  clouds  (WMO  code  0500);  this  is  the  significant  cloud  type  in 
this  particular  data  grid  block.  If  there  are  cumulonimbus  from  1,  000 

1 

j 

to  35,000  feet,  from  an  areal  point  of  view,  this  is  the  most  significant 
cloud  type.  However,  since  there  are  many  levels  to  identify  this  mas¬ 
sive  cloud  structure,  if  one  level  had  a  stratus  deck  of  clouds,  the  stratus 
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clouds  should  be  identified.  Slants  are  used  for  Ns  and  C  to  indicate 
the  absence  of  clouds  in  the  particular  data  block. 

trlf  -  Air  temperature  in  the  grid  block  in  whole  degrees  celsius; 

J  -  Aircraft  icing  and  turbulence  (WMO  code  1900); 

W  -  Type  of  precipitation  falling  in  the  grid  block  (WMO  code  4647); 

d^d^-  True  direction  from  which  the  wind  is  blowing  in  tens  of  degrees  (WMO 
code  0877'; 

f^f  Wind  speed  (knots);  WMO  conventions  for  wind  speeds  over  99  knots 
apply. 

RR  -  Refractive  index  in  N  units;  the  hundreds  digit  is  dropped,  e.  g. ,  N  = 

343,  RR  =  43. 

Where  specific  air  routes  are  services  routinely  by  the  Navy  Wefiher  Service 
Environmental  Detachments,  data  from  a  facility  with  computer  capabilities  could 
save  hours  of  laborious  sorting  and  plotting.  Figure  B.  8  is  an  example  of  a  Verti¬ 
cal  Weather  Cross  Section  TELEPLOT  between  NAS  Norfolk  and  NAS  Guantanamo 
Bay,  Cuba.  The  geographic  location  of  the  data  columns  would  be  predesignated 
(Norfolk,  Wilmington,  CARP  [  30°-25'N,  77°-47>W],  ABA  CO  [  2  7°-00'N,  77°-34'W], 
Nassau,  Y-2  intersection  [  23°-00'N,  74°-lS'W],  Great  In&gua  Island,  and  NAS 
Guantanamo).  The  teletypewriter  paper  is  69  spaces  wide.  In  the  VWCST  it  is 
used  thus:  2  spaces  for  altitude,  1  space  separation.  Data  blocks  use  6  plus  a 
space  separation,  or  a  total  of  7.  Qi  this  VWCST,  8  blocks  are  pre-designated, 
leaving  space  for  an  extra  column  of  data.  This  is  intended  for  use  in  defining 
phenomena  which  do  not  fall  close  enough  to  the  other  data  and  columns,  in  this 
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Figure  3.  ? . 
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example,  a  thunderstorm  along  the  cold  front  at  29°N.  (on  control  airwav  H51) 
has  been  described. 

Figure  3.  9  is  a  suggested  preliminary  blocking-in  of  cloud  precipitation, 
and  icing  and/or  turbulence  data.  Sky  conditions  (clear,  scattered,  broken,  or 
overcast)  are  boxed  in.  Precipitation  is  denoted  by  a  double  vertical  line  along 
the  cloud  box.  Turbulence  is  underlined,  and  icing  areas  are  enclosed  in  slants. 

From  this  crude  block  diagram,  it  is  a  simple  transformation  to  make  a  master 
pictorial  representation  of  the  data  on  tracing  paper;  from  this  master  tracing, 
Xerox  or  Ozalid  copies  can  be  reproduced  as  required  for  pilots'  weather  docu¬ 
ment  packets,  figure  B.  10.  Wind,  refractive  index,  or  other  operational  para¬ 
meters  could  be  listed  in  a  table  under  the  VWCST  or  along  the  flight  route.  In 
some  operational  situations,  it  might  be  preferable  to  Xerox  the  entire  blocked -in 
TELEPLOT. 

To  avoid  a  fold-over  page,  only  even  levels  frojm  the  surface  to  20,000  feet, 
and  levels  at  5,  000  foot  intervals  from  20,  000  to  50,  000  feet  are  shown.  For  op¬ 
erational  applications,  levels  at  every  1,000  feet  are  recommended  below  10,000 
feet. 

5.  Coastal  Vertical  Weather  Cross-Section  TELEPLOT 

Upper  level  pressure  surface  charts  over  the  oceans  are  largely  extrapola¬ 
tion  products  because  the  observational  data  is  so  sparse.  Operationally,  their 
value  is  limited  because  of  the  difficulty  of  correlating  the  data  vertically  between 
the  various  charts.  Therefore,  extrapolated  vertical  weather  cross-sections  in 
the  fleet  operating  areas  along  the  coasts  of  the  United  States  or  in  operational 
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areas  around  the  world  could  be  of  considerable  value  to  aircraft  carrier  and  missile 


ship  meteorologists. 

In  this  proposed  method,  the  data  is  based  upon  a  2-degree  grid  extending  sea¬ 
ward  from  the  coastline  east,  south,  or  west,  depending  upon  which  coast  is  being 
considered  at  2  degree  intervals.  Using  the  same  format  as  proposed  in  section 
B  4,  9  data  columns  could  be  used  in  these  cross  sections,  which  would  cover  a 
distance  of  1080  miles.  !f  the  data  were  extended  1  grid  space  inland,  to  cover 
bingo  (emergency)  field  requirements,  the  cross  section  would  extend  to  seaward 
960  miles 

Since  the  VWCST  grid  is  square,  there  should  be  little  difficulty  in  working 
cross  sections  in  a  north -south  direction  from  east -west  oriented  TELE  PLOTs 
by  matching  the  latitudes  on  two  adjacent  cross  sections.  This  same  VWCST  grid 
could  be  extended  over  the  U.  S.  or  any  operational  area  to  provide  a  three-dimen¬ 
sional  set  of  parameters  for  operational  or  scientific  purposes. 

6.  Upper  Air  TELE  PLOT 

There  are  many  systems  of  forecasting  which  require  inputs  of  upper  air 
data.  Some  of  these  data  are  sent  over  the  teletype  as  raw  data;  much  is  trans¬ 
mitted  by  the  facsimile  system.  The  raw  data,  or  data  in  the  coded  format,  re¬ 
quires  so  much  communications  time  that  usually  only  representative  stations 
are  transmitted.  If  there  were  time  to  decode  and  plot  these  data,  which  there 
rarely  is,  the  resulting  upper  air  chart  would  have  only  enough  data  for  the  most 
rudimentary  analysis. 

Because  of  the  communications  problems  created  by  Ihese  long  teletype  mes- 
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sages,  the  emphasis  has  shifted  to  completed  upper  air  analyses  sent  by  fac¬ 
simile.  There  has  also  been  a  shift  toward  semi-hemispherical  area  coverage 
to  include  over-the-pole  air  routes.  To  transmit  this  increased  area,  the  size  of 
the  map  scale  has  also  had  to  be  increased,  thereby  decreasing  the  space  per  data 
bit.  As  the  amount  of  data  has  not  been  significantly  changed,  unless  it  has  been 
increased  slightly,  the  analysis  sometimes  has  areas  of  "data  blot-out.  "  In  the 
"blot-out"  area  the  station  data  is  packed  so  closely  that  the  chart  is  a  mass  of 
incomprehensible  unseparated  digits.  When  the  isoheights  are  drawn  through  this 
area,  any  possibility  of  using  the  data  disappears.  These  problems  exist  with  land 
line  facsimile.  Aboard  a  moving  ship,  with  its  myriad  electrical  and  electronic 
equipment  creating  electronic  noise  and  garbling, the  probability  of  receiving  a 
chart  legible  enough  for  forecasting  use  approaches  the  vanishing  point. 

A  TELE  PLOT  of  the  data  would  be  somewhat  more  gross  than  the  attempted 
data  concentration  on  the  facsimile,  but  it  would  be  legible  and  usable.  The  chosen 
format  is: 


t  t  d  d  f  f 
t^H  H  H 

Where  1 1  is  the  temperature  in  degrees  celsius,  t^t^  is  the  dewpoint,  d  d  is 

the  wind  direction  in  tens  of  degrees,  f  f  is  the  wind  speed,  and  H  H  H  is  the  height 

of  the  surface  in  geopotential  meters.  The  TELEPLOT  figure  B.  1 1  is  based  upon 
* 

a  grid  of  3  degrees  {180  nautical  miles  )  to  a  side.  The  data  is  a  computer  integra¬ 
tion,  so  stations  as  such  do  not  appear.  The  geographical  location  of  any  particular 
station  can  easily  be  determined  from  its  latitude  (left  border)  and  longitude  (top 
and  bottom  border),  or  by  the  use  of  a  geographic  plastic  overlay. 
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A.  h  l.l,  r  LOT,  bOO  Tiillihar  chart  with  geographic  overlay 


Figure  B.  12  is  a  standard  analysis  of  the  data.  Solid  lines  are  isoheights  at 
a  6  geopotential  meter  separation.  The  short  dash  lines  are  isotherms  at  5°C 
separation.  The  recommended  procedure  is  to  use  a  plastic  overlay  with  geo¬ 
graphical  features  and  to  perform  the  analysis  on  the  overlay  as  was  done  in  this 
figure. 

Wind  direction  can  easily  be  scanned  from  the  TELE  PLOT  (the  iast  four  digits 
on  the  top  line)  for  standard  mid-latitude  forecasting.  By  using  several  overlays, 
quite  complex  analyses  can  be  performed,  each  on  a  separate  overlay.  An  isogon- 
isotach  (20  knot  isotach  separation)  analysis  is  shown  in  figure  B.  13.  These  analy¬ 
ses  can  be  integrated  by  simply  aligning  the  various  overlays  over  the  TELE  PLOT. 
7.  The  Hurricane  TELEPLOT 

This  particular  illustration  is  not  a  TELEPLOT  in  the  strictest  definition,  be¬ 
cause  a  teletypewriter  is  not  involved  in  the  initial  steps,  but  the  method  is  related 
and  teletypewriters  are  used  in  the  later  phases.  This  problem  is  getting  a  repro¬ 
duction  of  a  radar  scope  picture  from  a  hurricane  hunter  aircraft  to  the  hurricane 
analysts  and  forecasters  in  real-time.  It  is  a  situation  different  from  those  pre¬ 
viously  mentioned  in  that  the  data  is  sent  initially  by  CWkey.  This  method  could 
be  applied  to  other  operational  situations  where  data  can  best  be  sent  by  teleplot, 
but  only  CW  methods  of  transmission  are  available. 

By  pre -arrangement,  or  from  the  TELEPLOT  Code  and  Format  Manual,  the 
sender  and  receiver  use  the  same  grid  size  and  number  designation.  A  Polaroid 
photograph  of  the  radar  scope  is  made  and  the  plastic  teletype  grid  placed  over 
the  photograph.  Using  a  pre-arranged  brightness  scale,  a  brightness  value  is 
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assigned  to  each  grid  square  which  encloses  significant  features.  The  degree  of 
definition  is  controlled  by  the  grid  size.  For  the  purposes  of  this  report,  the 
brightness  scale  from  1  to  9  (9  is  the  brightest)  will  be  used. 

The  weather  observer  on  the  hurricane  hunter  aircraft,  in  encoding  the 
message,  sends  only  the  significant  radar  scope  features  in  order  to  minimize 
communications  time.  This  example  is  purposely  long  to  show  the  detail  that 
may  be  achieved.  The  hurricane  Is  identified  by  name,  and  the  position  of  the 
center  is  given  in  degrees  of  latitude  and  longitude,and  gridline  and  column 
number.  The  line  number  is  identified,  followed  by  the  column  number  at 
the  start  of  the  first  bright  area,  the  brightness  code  number  for  each  grid 
square  in  order,  and  by  the  last  brightness  code  number's  column  number. 
Subsequent  bright  areas  in  the  same  line  are  identified  by  start  and  stop  col¬ 
umn  numbers,  which  are  included  as  the  first  and  last  number  of  a  series  of 
brightness  code  numbers. 

When  the  CW  message  is  received  from  the  hurricane  hunter  aircraft, 
the  analyst  at  the  U.  S.  Navy  Fleet  Weather  Facility,  Jacksonville,  Florida 
would  enter  the  brightness  numbers  on  his  Hurricane  TELE PLOT  Grid  A. 

The  result  is  a  TELE  PLOT  like  figure  B.  14.  This  same  TELEPLOT  could 
be  sent  by  teletype  to  all  stations,  facilities,  and  ships  in  the  affected  or 
threatened  area. 
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Example  Hurricane  TELEPLOT  CW  MESSAGE 


HURRICANE  ELLA  CENTERED  15.2  N  43.  7  W  TELEPLOT  GRID  A 

COLUMN  2 1  LINE  1 1 

L2  R20  2233443321  R29  L3  R17  112333577777654 
2222  R35  L4  R14  3345433322678887665542222  R38 
L5  Rll  24456541  R19  R25  678885  R30  R34  5443 
3211  R41  L6  RIO  23457653  R17  R26  883  R30 
R36  3322211  R42  L7  R8  255577632  R16  R27  884 

etc. 

Figure  B.  15  is  an  analysis  of  the  9,  7,  5  and  3  brightness  lines,  which  is  es¬ 
sentially  a  pseudo  iso-echo  picture  of  the  hurricane. 

8.  Miscellaneous  TELE  PLOTs 

As  mentioned  earlier,  the  TELE  PLOT  method  has  exceptional  versatility  in 
transmitting  pictorial  or  graphic  data  --  not  only  environmental  data  but  anything 
from  electro-cardiograph  traces  to  engine  performance  charts.  The  few  examples 
presented  in  this  report  are  based  upon  various  fleet  and  facility  requests.  The 
range  of  applicability  is  obviously  extensive.  Other  TELEPLOTs,  not  included  in 
this  report,  are  available  at  NWRF.  Among  these  are  satellite,  climatological, 
ASW,  at*d  fleet  and  research  TELEPLOTs^nd  several  adaptations  to  the  special¬ 
ized  requirements  of  aviation. 
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APPENDIX  C 


RATTGRAPHICS 

Since  April  1963  the  U.  S.  Navy  Weather  Research  Facility  and  the  U.  S.  Navy 
Fleet  Weather  Facility  have  been  working  ,'ointly  on  the  problems  of  weather  pre¬ 
sentation  by  teletype.  In  July  1966  the  first  operational  applications  of  the  TELE- 

•  vient. 

PLOT  method.  High  Seas  and  Wind  Warnings,  wee  transmitted  to  the  fleet  on  an 

vjene- 

experimental  basis  under  the  name  of  RATTGRAPHICS.  The  first  of  these 
prepared  by  the  manual  method  as  outlinedin  section  3.  Since  that  time,  the  Fleet 
Weather  Facility  has  received  a  digitizer,  which  simplifies  and  expedites  the  pre¬ 
paration  of  these  products.  With  this  new  equipment,  the  capability  of  data  re¬ 
production  has  been  more  fully  realized.  The  following  series  includes  the  RATT¬ 
GRAPHICS  presently  available;  however,  new  products  are  continuously  being 
evaluated  for  early  addition  to  this  collection. 
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1SW!,!7  FLKEAFAC  NOMA  K03TH  ATLANTIC  HIGH  SEAS  WARNING 
1.  CODED  HIGH  SEAS  CHART  VALID  13.13:37  ’ 

LFRFvn 

VO  COINED  SEA  HEIGHT  (COHEO  AS  SINGLE  DIGITS  TU*  THROUGH  MINE)  IS 
GIVEN  AT  T”C  DEGREE  LATITUDE  AMO  ONE  AMO  ONE-HALF  DEGREE  LO‘G  ITUDE 
INTERSECTIONS  V'!,rRE  OC'PRI"G 

CO  M1TIPLY  CODED  DIGIT  3Y  FOUR  TO  OBTAIN  SIGNIFICANT  SEA  HEIGHT  IN 
FEET, 

<C>  WIT  PLY  CODED  DIGIT  2Y  SEVEN  TO  03  T  A  IN  HIGHEST  PR0BA3LE  SEAS. 
(D)  AREAS  OF  SEAS  EfUIAL  TO  OR  GREATER  THAN  TWELVE  FEET  ARE 
ENCLOSED  BY  CODE  DIGIT  THREE, 

Cl)  SLANTS  DEPICT  LAND  AREAS, 
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T2C6C0Z  FLEt'EAFAC  NORVA  WESTERN  NORTH  ATLANTIC  WIND  WARNING 
1,  PROGNOSTIC  COOED  WIND  SPEEO  CHART  VALID  1236D0Z 
LEGEND 

(A)  ".'I NO  SPEED  IN  WOTS  (COOED  AS  SINGLE  DIGIT  THREE  THROIGH 
NINE)  IS  GIVEN  AT  Two  DEGREE  LATITUDE  AMD  ONE  A  NO  ONE-HALF 
DEGREE  LONGITUDE  INTERSECTIONS  WHERE  OCCURRING. 

(8)  MULTIPLY  CODED  DIGIT  3Y  TEH  TO  OBTAIN  WIND  SPEEO  IN  KNOTS. 

E.G.  FIGURE  5  INDICATES  WINDS  OF  50  KNOTS  OR  GREATER. 

(C)  SLANTS  DEPICT  LAMO  AREAS. 
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IT1CLAS  i  F  T  0 

1.  COHEO  SEA  SFC  TEf?  / \'«L  12  FES  67 
LEGEND: 

(A)  SEA  SFC  T EM>  (CODED  AS  SINGLE  OIR  ITS  ZERO  THROUGH  NINE) 

IS  GIVEN  AT  ONE  HALF  DECREE  LATITUDE  A  VO  LONGITUDE  INTERSECTIONS. 
C?)W.1T|PLY  CODED  DIGIT  CY  FIVE  AND  ADO  THIRTY  FIVE  TO  03TAIN 
SEA  SFC  TEf.P  IN  DEGREES  FAHRENHEIT. 

(C)  CODED  FIGURE  NINE  INDICATES  TEMPERATURES  EQUAL  TO  AND  GREATER 
than  bqoegrees  Fahrenheit. 

<D>  SLANTS  C/>  DEPICT  A  LAND  AREA. 

<E>  BLAND  AREAS  INDICATE  TEMPERATURES  LESS  THAN  35  DEGREES  • 
FAHRENHEIT. 
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APPENDIX  D 


WORLD  METEOROLOGICAL  ORGANIZATION  CODES 


Code  0500 


C  —  Genus  of  cloud 

—  Genus  of  cloud  for  nephoscopic  reports 

—  Genus  of  cloud  penetrated  by  the  aircraft 

C'  —  Genus  of  cloud  whose  base  is  below  the  level  of  the  land 


station 

Cod# 

rigor* 

0  Cirrus .  Ci 

1  Cirrocumulus .  Cc 

2  Cirrostratus .  Cs 

3  Altocumulus .  Ac 

4  Altostratus .  As 

5  Nimbostratus .  Ns 

6  Stratocumulus .  Sc 

7  Stratus . .  St 

8  Cumulus .  Cu 

0  Cumulonimbus .  Cb 


/  Cloud  not  visibls  owing  to  darknsss,  fog,  duststorm,  sandstorm,  or  othsr  analog* 
o8s  phsnomtna 


Code  0509 


Cm  —  Clouds  of  the  genera  Cirrus,  Cirrocumulus  and  Cirrostratus 


|uiW  Toehnkal  ipectAcatlons 

0  No  Ch  clouds 


1  Cirrus  fibratus,  somstimss  uncinus, 
not  progrsssivoly  invading  tho  sky 


S  Cirrus  splssstus,  in  patches  or 
entangled  sheaves,  which  usually  do 
not  increase  and  sometimes  seem 
to  be  the  remaine  of  the  upper  part 
of  a  Cumulonimbus ;  or  Cirrus 
castellanus  or  floccus 


3  Cirrus  splssatua  cumulonlmboge- 
nitus 


4  Cirrus  uncinus  or  fibratus,  or  both, 
progressively  invading  the  sky ;  they 
generally  thicken  as  a  whole 


Ours  Non  technical  ■peciflcatione 

0  No  Cirrus,  Cirrocumulus  or  Cirro- 
stratus 

1  Cirrus  in  the  form  oi  filaments, 
strands  or  hooks,  not  progressively 
invading  the  sky 

2  Dense  Cirrus,  in  patches  or  entan¬ 
gled  sheaves,  which  usually  do  not 
increase  and  sometimes  seem  to  be 
the  remains  of  the  upper  part  of  a 
Cumulonimbus ;  or  Cirrus  with 
sprouting*  in  the  form  ol  smali  tur¬ 
rets  or  battlements,  or  Cirrus  having 
the  appearance  of  cumuliform  tufts 

3  Dense  Cirrus,  often  in  the  form  of 
an  anvil,  being  the  remains  of  the 
upper  parts  of  Cumulonimbus 

4  Cirrus  in  the  form  of  hooks  or  of 
filaments,  or  both,  progressively 
invading  the  sky ;  they  generally 
become  denser  as  a  whole 


Cirrus  (often  in  bands)  and  Cirro- 
stratus,  or  Cirrostratus  alone,  pro¬ 
gressively  invading  the  sky;  they 
generally  thicken  as  a  whole,  but 
the  continuous  veil  does  not  reach 
49  degrees  above  the  horizon 


8  Cirrus  (often  in  bands  converging 
towards  one  point  or  two  opposite 
points  of  the  horizon)  and  Cirrostra¬ 
tus,  or  Cirrostratus  alone  ;  in  cither 
case,  they  are  progressively  invading 
the  sky,  and  generally  growing 
denser  as  a  whole,  but  the  continu¬ 
ous  veil  does  not  reach  45  degrees 
above  the  horizon 


•  Cirrus  (often  in  bands)  and  Cirro- 
stratus,  or  Cirrostratus  alone,  pro¬ 
gressively  invading  the  sky;  they 
generally  thicken  as  a  whole;  the 
continuous  veil  extends  more  than 
4$  degrees  above  the  horizon,  with¬ 
out  tho  aky  being  totally  covered 


•  Cirrus  (often  in  bands  converging 
towards  ono  point  or  two  opposite 
points  of  the  horizon)  and  Cirro- 
stratus,  or  Cirrostratus  alone;  in 
either  case,  they  are  progressively 
invading  the  sky,  and  generally  grow¬ 
ing  denser  as  a  whole  ;  the  continu¬ 
ous  veil  extends  more  than  45  degrees 
5  above  the  horizon,  without  the  sky 
'  being  totally  covered 


Cirrostratus  covering  the  whole  aky  7  Veil  of  Cirrostratus  covering  the 

celestial  dome 


7 


(Co#*  not  -  Continu'd) 

jj1**  Technical  (poclftcotlon* 

•  Cirrostratus  not  progressively  invad- 
ing  tho  sky  and  not  entirely  cover- 
ing  it 

•  Cirroeumulus  alono,  or  Clrrocumu- 
lus  predominant  among  tho  Ch 
clouds 


Ch  clouds  invisiblo  owing  to  dark* 
nass,  fog,  blowing  dust  or  sand  or 
othar  similar  phanomana,  or  bacauso 
of  a  continuoua  iayar  of  lowar  clouda 


Non  technical  specification* 


•  Cirrostratus  not  prograssivaly  in* 
vading  the  sky  and  not  compiataly 
covering  the  celestial  dome 

•  Cirroeumulus  alone,  or  Cirrocumu* 
lus  accompanied  by  Cirrus  or  Cirro* 
stratus,  or  both,  but  Cirroeumulus 
is  predominant 

I  Cirrus,  Cirroeumulus  and  Cirro- 

stratus  invisible  owing  to  darkness, 
fog,  blowing  dust  or  sand  or  other 
similar  phenomena,  or  more  ofton 
because  of  the  presence  of  a  conti¬ 
nuous  layer  of  lower  clouds 


Coda  0513 

Cl  —  Clouds  of  the  genera '  Stratocumulus,  Stratus,  Cumulus  and 
Cumulonimbus 


igure  Technical  specification* 

0  No  Cl  clouds 

1  Cumulus  humilis  or  Cumulus  fractus 
other  than  of  bad  weather,*  or  both 


Cumulus  mediocris  or  congestus, 
with  or  without  Cumulus  of  species 
fractus  or  humilis  or  Stratocumu¬ 
lus,  all  having  their  basea  at  the 
same  level 


Cumulonimbus  calvus,  with  or  with¬ 
out  Cumulus,  Stratocumuiua  or 
Strstus 


4  Strstocumulus  cumulogenitua 


Stratocumulus  other  than  Strata- 
cumulus  cumulogenitus 

Stratus  nebulosus  or  Stratus  fractus 
other  than  of  bad  weather,*  or  both 


Stratus  fractus  or  Cumulus  fractus 
of  bad  weather,*  or  both  (pannus), 
usually  below  Altostratus  or  Nlmbo- 
stratus 

Cumulus  and  Stratocumulus  ether 
than  Stratocumulus  cumulogenitus, 
with  bases  at  different  levels 


Cumulonimbus  capillatus  (often  with 
an  anvil),  with  or  without  Cumulo¬ 
nimbus  calvus,  Cumulus,  Strato- 
cumulus,  Stratus  or  pannus 


Cl  clouds  invisible  owing  to  dark¬ 
ness,  fog,  blowing  dust  or  sand,  or 
other  similer  phenomena 


(  Non  technical  specification* 

No  Stratocumulus,  Stratus,  Cumu¬ 
lus  or  Cumulonimbus 

Cumulus  with  litllo  vortical  extent 
and  seemingly  flattened,  or  ragged 
Cumulus  other  than  of  bad  weather,* 
or  both 

Cumulus  of  moderato  or  strong  ver¬ 
tical  extent,  generally  with  protube¬ 
rances  in  the  form  of  donos 
or  towers,  either  accompanied  or 
not  by  other  Cumulus  or  by  Strato¬ 
cumulus,  all  having  their  bases  at 
the  same  level 

Cumulonimbus  the  summits  of 
which,  at  least  partially,  lack  sharp 
outlines,  but  are  neither  clearly 
fibrous  (cirriform)  nor  in  the  form 
of  an  anvil;  Cumulus,  Stratocumulus 
or  Stratus  may  also  be  present 

Stratocumulus  formed  by  the  spread¬ 
ing  out  of  Cumulus ;  Cumulus  may 
also  be  present 

Stratocumulus  not  resulting  from 
the  spreading  out  of  Cumulus 

Stratus  in  a  more  or  less  conti¬ 
nuous  sheet  or  I  yer,  or  in  ragged 
shreds,  or  both,  but  no  Stratus 
frsetus  of  bar  weather  * 

Stratus  fractus  of  bad  weather  *  or 
Cumulus  fractus  of  bad  weather,  or 
both  (pannus),  usually  below  Alto- 
stratus  or  Nimbostratus 

Cumulus  and  Slrnlucumuiun  other 
than  that  formed  from  the  spread¬ 
ing  out  of  Cumulus ;  tho  base  of 
the  Cumulus  is  at  a  different  It  el 
from  that  of  the  Stratocumulus 

Cumulonimbus,  the  upper  part  of 
which  is  clearly  fibrous  (cirriform), 
often  in  the  form  of  an  anvil ;  either 
accompanied  or  not  by  Cumulo¬ 
nimbus  without  anvil  or  fibrous 
upper  part,  by  Cumulus,  Strato¬ 
cumulus,  Stratus  or  pannus 

Stratocumulus,  Stratus,  Cum.,  us 
and  Cumulonimbus  invisible  owing 
to  darkness,  fog,  blowing  dust  or 
sand,  or  other  similar  phenomena 


’  "Bad  weather”  denotes  the  conditions  which  generally  exist  during  precipitation  and 
a  short  time  before  end  after. 


Cods  0515 


Cm  —  Clouds  of  the  genera  Altocumulus,  Altostratus  and  Nimbo - 
stratus 


Cod* 


ftgwr* 

0 


Technical  speclflcatlon* 
No  Cm  cloud* 


1  Altostratus  transluddus 


2  Altostratus  opacus  or  Nimbostratus 


Non  ttchnlcal  spsciflcstions 

ft  No  Altocumulus,  Altostratus  or 

Nimbostratus 

1  Altostratus,  the  greater  part  of 
which  la  semi-transparent;  through 
this  part  the  sun  or  moon  may  b* 
weakly  visible,  as  through  ground 
glass 

2  Altostratus,  the  greater  part  of 
which  is  sufficiently  dense  to  hid* 
th*  sun  or  moon,  or  Nimbostratus 


ft  Altocumulus  transluddus  at  a  sin' 
gl*  Isvsl 


ft  Altocumulus,  the  greater  part  of 
which  is  semi-transparent;  the  va¬ 
rious  elements  of  the  cloud  change 
only  slowly  and  are  all  at  a  single 
level 


4  Patches  (often  lenticular)  of  Alto¬ 
cumulus  transluddus,  continually 
changing  and  occurring  at  one  or 
more  levels 


4  Patches  (otton  in  the  form  of ' 
almonds  or  fishos)  of  Altocumulus, 
the  greater  part  of  which  is  semi¬ 
transparent  ;  the  clouds  occur  at  one 
or  more  levels  and  the  elements  are 
continually  changing  in  appearance 


S  Altocumulus  transluddus  in  bands, 
or  one  or  more  layers  of  Altocumu¬ 
lus  transluddus  or  opacus,  progres¬ 
sively  invading  the  sky ;  these  Alto¬ 
cumulus  clouds  generally  thicken  as 
a  whole 


ft  Altocumulus  cumulogenitus  (or 
cumulonimbogenitus) 


7  Altocumulus  transluddus  or  opacus 
in  two  or  more  layers,  or  Altocumu¬ 
lus  opacus  in  a  single  layer,  not 
progressively  invading  the  sky,  or 
Altocumulus  with  Altostratus  or 
Nimbostratus 


ft  Altocumulus  castelianus  or  floccus 


ft  Altocumulus  of  a  chaotic  sky,  ge¬ 
nerally  at  several  levels 


5  Semi-transparent  Altocumulus  in 

bands,  or  Altocumulus  in  one  or 
more  fairly  continuous  layers  (semi¬ 
transparent  or  opaque),  progres¬ 
sively  invading  tho  sky  ;  these  Alto¬ 
cumulus  clouds  generally  thicken  as 
a  whole 

ft  Altocumulus  resulting  from  the 

spreading  out  ol  Cumulus  (or  Cumu¬ 
lonimbus) 

7  Altocumulus  in  two  or  more  layers, 
usually  cpsquo  in  places,  and  not 
progressively  inviuli""  the  sky ;  or 
opaque  layer  of  Altocumulus,  not 
progressively  invading  the  sky;  or 
Altocumulus  together  with  Alto- 
stratus  or  Nimbostratus 

ft  Altocumulus  with  sproutings  in  the 
form  of  smau  towers  or  battlements, 
or  Altocumulus  having  the  appear¬ 
ance  of  cumuliform  tufts 

ft  Altocumulus  of  a  <*.  aotic  sky,  gene¬ 
rally  at  several  levei 


/  Cm  clouds  invisible  owing  to  dark¬ 
ness,  fog,  blowing  dust  or  sand  or 
other  similar  phenomena,  or  bscaus* 
of  a  continuous  layer  of  lower 
clouds 


/  Altocumulus,  Altos''trntus  and  Nim¬ 
bostratus  invisible  owing  to  dark¬ 
ness,  fog,  blowing  dust  or  sand  or 
other  similei  phenomena,  or  more 
often  because  of  the  presonce  of  a 
continuous  layer  of  lower  clouds 


Cod*  0663 


c2  —  Description  of  kind  of  ice 


0  No  ico  (0  may  ba  uaad  to  roport  kt  blink  and  than  a  direction  must  ba  reported) 

1  Now  lea 

2  Fast  lea 

3  Pack  ice/drift  lea 

4  Packad  (compact)  aluth  or  aludga 

5  Shora  load 

6  Heavy  fast  lea 

7  Heavy  pack  ice/drift  Ico 

3  Hummocked  lea 

3  Icebergs  * 

*  Icebefys  can  also  ba  reported  in  plain  language. 

Code  0885 


d*dw 

—  Direction,  in  tens  of  degrees,  from 

which  waves  are  coming 

Code 

figure 

00 

Calm  (no  waves) 

Cote 

figure 

22 

215*  -224* 

01 

5*-  14* 

23 

225* -234* 

02 

15*-  24* 

24 

'  235*  -  244* 

03 

25*-  34* 

25 

245* -254* 

04 

35*-  44* 

26 

255* -264* 

03 

45*-  54* 

27 

265* -274* 

06 

55*-  64* 

28 

275* -234* 

07 

65*-  74* 

29 

235* -294* 

08 

75*-  84* 

30 

295* -304* 

08 

85*-  34* 

31 

305* -314* 

10 

95* -104* 

32 

31 5* -324* 

11 

105*-114* 

33 

325* -334* 

12 

115--124- 

34 

335* -344* 

13 

125*- 134* 

35 

345*  -354* 

14 

135* -144* 

36 

355*-  4* 

13 

16 

145* -154* 

155* -164* 

48 

Waves  confused,  direction 
indeterminate  (waves  equal 

17 

165* -174* 

IS 

175* -184* 

to  or  less  than  4%  metres) 

13 

185* -184* 

88 

Waves  confused,  direction 
indeterminate  (waves  grea¬ 

20 

185*  -204* 

21 

205* -214* 

ter  than  4%  metres) 

Code  0900 

E  —  Stele  of  the  ground 

Cede 
fig  ure 

0  Surface  of  ground  dry  (no  appreciable  amount  of  dust  or  loose  sand) 

1  Surface  of  ground  moist 

2  Surface  of  ground  wet  (standing  water  in  small  or  large  pools  on  surface) 

3  Surface  of  ground  frozen 

4  Glaze  or  Ice  on  ground,  but  no  snow  or  melting  snow 

5  Snow  or  msltlng  snow  (with  or  without  Ice)  covering  less  than  one-half  of  the  ground 
3  Snow  or  melting  snow  (with  or  without  ice)  covering  more  than  one-half  of  the 

ground  but  ground  not  completely  covered 
7  Snow  or  melting  snow  (with  or  without  ice)  covering  ground  completely 

3  Loose  dry  snow,  dust  or  sand  covering  more  than  one-half  of  ground  (but  not 

completely) 

0  Loose  dry  snow,  dust  or  sand  covering  ground  completely 

Notes  : 

(1)  Where  dust  or  sand  is  rsportsd  and  the  temperature  is  below  0*  C,  the  word  OUST 
or  SANO  is  added  at  the  end  of  the  report. 

(2)  The  definitions  In  the  code  for  E  for  numbers  0  to  3  apply  to  reprosentative  bare  ground 
end  numbers  4  to  3  to  an  open  representative  area. 

(3)  In  all  Instances  the  highest  code  figures  applicable  are  to  ba  reported. 


Code  1555 


H„  —  Height  of  the  waves 

Code 
fin  ore 

0  Lets  than  '/«  m 

1  *4  m 

2  I  m 

3  1  Vt  m 

4  2m 

5  2  J4  m 

6  3m 

7  3  y,  m 

8  4m 

»  «*4"> 

/  Height  not  determined 


Abu,;  "  *0  '•  ,d4«d  te  d.d. 
0  5m 

1  5  K,  m 

2  6m 

3  6y,m 

4  7m 

5  7  m 

6  8m 

7  8  ft  m 

8  9m 

9  9K,  m 


Notes  : 

(1)  Each  code  figure  providos  for  reporting  a  range  of  heights.  For  example :  1  -  V.  m 
to%  m  ;  5  -  2>/4  m  to  2%  m  ;  9  -  4*4  m  to  4%  m.  etc. 

(2)  If  a  wave  height  comes  exactly  midway  between  the  heights  corresponding  to  two 
code  figures,  the  lower  code  figure  is  reported ;  e.g.  a  height  of  2%  m  is  reported 
by  code  figure  5. 

(3)  In  aeronautical  forecast  codes,  only  the  left-hand  table  is  to  be  used  and  code 
ngure  9  has  the  meaning :  4  yt  m  or  more. 

(4)  The  average  value  of  the  wave  height  (vertical  distance  between  trough  and  crest) 
is  reported,  as  obtained  from  the  larger  wall  formed  waves  of  the  wave  system  being 
observed. 


Code  1600 


h  —  Height,  above  ground,  of  the  base  of  the  cloud 

Code 

figure 

0  0  to  50  m 

1  50  to  ICO  m 

2  100  to  200  m 

3  200  to  300  m 

4  300  to  600  m 

5  600  to  1,000  m 

6  1,000  to  1,500  m 

7  1,500  to  2,000  m 

8  2,000  to  2,500  m 

9  2,500  m  or  more,  or  no  clouds 

/  Height  of  base  of  cloud  not  known  or  base  of  clouds  at  a  level  lower  and  tops  at 
a  le  vel  higher  than  that  of  the  station ; 

Notes  : 

(1)  A  height  exactly  equal  to  one  of  the  values  at  the  ends  of  the  ranges  is  to  be  coded 
in  the  higher  range ;  e.g.  a  height  of  600  m  is  reported  by  code  figure  5. 

(2)  The  term  "height  above  ground"  is  considered  as  being  the  height  above  the  official 
aerodrome  elevation  or  above  station  level  at  a  norvaorodrome  station. 


Code  1SC0 


Aircraft  icing  and  turbulence 


Code 

figure 

0 

1 

2 

3 

4 

5 

6 

7 

8 
9 


no  icing 


No  specification 
No  icing  and  no  turbulence 
Slight  turbulence 
Moderate  turbulence 
Heavy  turbulence 
Slight  icing 

Moderate  icing  >  no  turbulence  or  slight  turbulence 
Heavy  icing  j 

Slight  icing  l  modorate  or  heavy  turbulence 

Moderate  or  heavy  icing  J 


Code  2700 


N  —  The  fraction  of  the  celestial  dome  covered  by  cloud 

Nh  —  The  fraction  of  the  celestial  dome  covered  by  all  the  Ci- 

cloud(s)  present  and  If  no  Ct-cloud  is  present,  that  frac- 
lion  covered  by  all  the  Cu-cloud(s)  present 

N,  —  Amount  of  individual  cloud  layer  or  mass,  of  genus  C 

N'  —  Amount  of  cloud  whose  base  is  below  the  level  of  the 

land  station 

Cod* 

fig  ura 


0 

0 

0 

1 

1  okta  or  less,  but  not  taro 

*/i«  or  lose,  but  not  zero 

2 

2  oktas 

»  3 

3  oktas 

4 

4  oktas 

5 

9  oktas 

•/«. 

6 

6  oktas 

Vw-V,. 

7 

7  oktas  or  more,  but  not  9  oktas 

*/i*  or  more,  but  not  **/,* 

8 

6  oktas 

“/a. 

• 

Sky  obscured,  or  cloud  amount 
cannot  be  estimated 

Pw  —  Period  of  waves 

Cod* 
fig  ura 

2  5  seconds  or  less 

3  6  or  7  seconds 

4  8  or  0  seconds 

5  10  or  11  seconds 

6  12  or  13  seconds 

7  14  or  19  seconds 


Code  3155 


Cod* 

figure 


8  18  or  17’  seconds 

0  18  or  18'  seconds 

0  20  or  21  seconds 

1  Over  21  seconds 

/  Cslm,  or  period  not  determined 


Notes: 

(1)  The  period  of  the  waves  is  the  time  between  the  passes  *  of  two  successive  wave 
crests  past  a  fixed  point  (it  is  equal  to  the  wave  length  divided  by  the  wave  speed). 

(2)  The  average  value  of  the  wave  period  is  reported,  aa  obtained  from  the  larger 
well-formed  waves  of  the  wave  system  being  observed. 


>T 


Code  4300 


V  —  Visibility  at  surface 

Cod* 

figure 

0  1st*  than  SO  m*tr*> 

1  50-200  m«tr*« 

2  200-500  metres 

3  500-1 ,000  metres 

4  1-  2  km 

5  2-  4  km 

6  4-10  km 

7  10-20  km 

8  20-50  km 

8  50  km  or  more 


Code  4451 


v,  —  Ship's  average  speed  made  good  during  the  three  hours  preced¬ 
ing  the  time  of  observation 


Cod* 

figure 

0  0  nautical  mile  per  hour 

1  1-3  nautical  miles  per  hour 

2  4-6  nautical  miles  per  hour 

3  7-9  nautical  miles  per  hour 

4  10-12  nautical  miles  per  hour 

5  13-15  nautical  miles  per  hour 

0  16-18  nautical  miles  per  hour 

7  19-21  nautical  miles  per  hour 

8  22  -  24  nautical  miles  per  hour 

9  Over  24  nautical  miles  per  hour 


0  kilometre  per  hour 
1-6  kilometres  per  hour 
7-12  kilometres  per  hour 
13-17  kilometres  per  hour 
18-23  kilometres  per  hour 
24  -  28  kilometres  per  hour 
29  -  34  kilometres  per  hour 
35  -  39  kilometres  per  hour 
40  -  44  kilometres  per  hour 
Over  44  kilometres  per  hour 


Cods  4562 


Wi  —  Forecast  weather 

Code 

figure 

0  Moderate  or  good  visibility  (greater  than  5  km) 

1  Risk  of  accumulation  of  Ice  on  superstructures  (eir  temperature  between  0  and  -5*  C) 

2  Strong  risk  of  accumulation  of  ice  on  superstructures  (air  temperature  below  -6*  C) 

3  Mist  (Visibility  1-6  km) 

4  Fog  (Visibility  less  than  1  km) 

5  Drizzle 

6  Rain 

7  Snow  or  rain  and  snow 

b  Squally  weather  with  or  without  showers 
9  Thunderstorms 


Code  4647 


Wt)  —  Type  of  precipitation  falling  in  the  flight  zone 


Code 

figure 

0  Undefined  precipitation 

1  Drizzle 

2  Rain 

3  Snow 

4  Wet  snow 


Code 

figure 

5  Rain  showers 

6  Snow  showers 

7  Snow  pellets,  hail 

8  Rain  and  thunder 

g  Hail  (snow  pellets,  snow)  and 
thunder 


Code  4537 


W|Wi  —  Forecast  weather  at  surface  (to  bo  used  in  aeronautical  forecast  codot) 

Cod* 

Agure 

00  No  cloud 

01  Clouds  dissipating 

02  State  of  sky  not  changing. 

03  Clouds  incroasing 
04  Smoko 
05  Haze 

06  Widespread  dust  *  in  suspension  *  Oust  hozo. 

07  Dust/ sand  raised  by  wind 

08  Well  developed  dust  whirls  or  sand  whirls 

09  — 

10  Mist 

11  Shallow  fog  or  ice  fog  (in  patches) 

12  Shallow  fog  or  ice  fog  (continuous) 

13  Lightning 

14  — 

15  Precipitation  within  tight,  distant  from  the  station 

16  Precipitation  within  sight,  near  to  the  station 

17  Thunderstorm,  but  no  precipitation 

18  Squall(s) 

19  Funnel  cloud(s) 

20-29  — 

30  - 

31  Slight  or  moderate  duststorm  or  sandstorm 

32  - 

33  - 

34  Severe  duststorm  or  sandstorm 

35  - 

36  Slight  or  moderate  drifting  sno 

37  Heavy  drifting  snow 

38  Slight  or  moderate  blowing  sno 

39  Heavy  blowing  snow 

<0  Fog  or  ice  fog  at  distance 

41  Fog  or  ice  fog  in  patches 

42  Fog  or  ice  fog,  sky  visible  ) 

43  Fog  or  ice  fog,  sky  Invisible  / 

44  Fog  or  ice  fog,  sky  visible 

45  Fog  or  ice  fog,  sky  invisible 

46  Fog  or  Ice  fog,  sky  visible  1 

47  Fog  or  ice  fog,  sky  invisible  | 

48  Fog,  depositing  rime,  sky  visible 

49  Fog,  depositing  rime,  sky  invisible 


|  low  (below  aye  level) 
*  |  high  (above  eye  level) 

thinning 

thickening 


50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

63 

61 

62 

63 

64 

65 

66 

67 

68 
69 


Drizzle,  slight,  intermittent 

Drizzle,  slight,  continuous 

Drizzle,  moderate,  intermittent 

Drizzle,  moderate,  continuous 

Drizzle,  heavy  (dense),  intermittent 

Drizzle,  heavy  (dense),  continuous 

Drizzle,  slight,  freezing 

Drizzle,  moderate  or  hea.y  (dense),  freezing 

Drizzle  and  rain,  slight 

Drizzle  and  rain,  moderate  or  heavy 


Rain,  slight,  Intermittent 

Rain,  slight,  continuous 

Rain,  moderate,  intermittent 

Rain,  moderate,  continuous 

Rain,  heavy,  intermittent 

Rain,  heavy,  continuous 

Rain,  slight,  freezing 

Rain,  moderate  or  heavy,  freezing 

Rain  or  drizzle  and  snow,  slight 

Rain  or  drizzle  and  snow,  moderate  or  heavy 


(ConUnutd) 


MffWt 


(Co 4* 

70 

71 

72 

73 

74 

75 

76 

77 

78 
78 

CO 

81 

82 

83 

84 

85 

86 

87 

88 
88 
80 
81 
82 

93 

94 

95 

96 

97 

98 

99 


4447  —  Continued) 

Snow,  slight,  intermittent 
Snow,  slight,  continuous 
Snow,  moderate,  intermittent 
Sqow,  moderate,  continuous 
Snow,  heavy,  intermittent 
Snow,  heavy,  continuous 
Ice  prisms 
Snow  grains 

Ice  pellets  type  (a) 

Rain  shower(s),  slight 

Rain  showor(s),  moderate  or  heavy 

Rain  shower(s),  violent 

Shower(s)  of  rain  and  snow,  slight 

Shower(s)  of  rain  and  snow,  moderate  or  heavy 

Snow  shower(s),  slight 

Snow  shower(s),  moderate  or  heavy 

Shower(s)  of  snow  pellets  or  ice  pellets  type  (b),  with  \  ~  slight 

or  without  rain  or  rain  and  snow  mixed  f  -  moderate  or  heavy 

Shower(s)  of  hall,  with  or  without  rain  or  \m  slight 

rain  and  snow  mixed,  not  associated  with  thunder  (  -  moderate  or  heavy 


Thunderstorm,  slight  or  moderate,  with  rain  or  snow 
Thunderstorm,  slight  or  moderate,  with  hail 
Thunderstorm,  heavy,  with  rain  or  snow 
Thunderstorm  combined  with  duststormi  or  sandstorm 
Thunderstorm,  heavy,  with  hail 


